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PEETACE. 


It  is  now,  for  upwards  of  nine  years,  that  a  great  portion 
of  my  time  has  been  specially  devoted  to  -the  subject  com- 
prised by  the  present  volume.  Working  as  I  had  done, 
whilst  in  Paris,  under  the  originator  of  the  glycogenic 
theory,  it  was  not  unnatural  that  I  should  have  been  im- 
pressed with  a  desire,  on  my  return  to  England,  to  prosecute 
a  continuance  of  his  researches,  in  a  direction  where  it  was 
admitted  a  deficiency  existed. 

Taking  it  for  granted,  that  the  views  I  had  learnt, 
and  which  had  obtained  such  universal  acceptance,  were 
substantial  and  true ;  I  endeavoured,  at  the  onset  of  my 
researches,  to  make  out  the  nature  of  the  process  by  which 
sugar  underwent  its  supposed  destruction  in  the  lungs — 
the  only  point  upon  which,  it  seemed,  there  really  remained 
anything  connected  with  the  subject  to  be  disclosed. 

Prom  the  early  results  I  obtained,  I  formed  an  opinion 
regarding  sugar-destruction  which,  however,  subsequent  re- 
search proved  to  me  was  untenable.  I  had  not,  at  first,  a 
shadow  of  reason  to  induce  me  to  imagine  that  the  doctrine 
I  was  proceeding  on,  was  otherwise  than  unimpeachably 
correct.  Time,  however,  led  me  to  discover,  that  in  my 
starting-point  I  was  resting  upon  a  fallacious  foundation. 
Time  revealed  to  me,  that  the  mode  of  experimenting  which 
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had  been  hitherto  adopted,  had  conducted  to  the  formation 
of  erroneous  conclusions,  regarding  the  main  points  reUed 
upon,  in  support  of  glycogenesis.  The  discovery  of  truth, 
being  the  only  admissible  goal  of  scientific  research,  I 
could  not  hesitate,  however  much  I  might  expose  myself 
to  the  criticism  of  others,  to  abandon  the  support  I  had 
previously  given  to  the  glycogenic  theory. 

The  facts  I  discovered,  formed  the  subject  of  a  com- 
munication, pubHshed  in  the  '  Philosophical  Transactions' 
for  1860  ;  they  are  fully  brought  forward  in  the  physio- 
logical part  of  this  work.  No  one,  I  think,  will  deny  that 
these  facts  materially  alter  the  position  that  was  formerly 
maintained.  To  my  mind,  they  refute  the  vahdity  of 
the  doctrine  of  glycogenesis,  and  I  feel  myself  justified  in 
saying,  that  time  has  only  served  to  strengthen  all  that  I 
originally  stated.  Whatever  fresh  evidence  I  have  obtained 
has  given  me  support ;  and,  nothing  that  I  have  seen, 
which  has  been  adduced  in  opposition,  would  appear  to 
me  to  call  for  the  slightest  alteration. 

The  points  that  are  here  referred  to,  present,  I  beheve, 
a  bearing  of  importance  in  reference  to  the  pathology  of 
Diabetes.  Latterly,  ideas  have  been  fixed  upon  an  ex- 
cessive production  of  sugar  in  the  liver,  on  the  one  hand ; 
or,  a  defective  destruction  in  the  lungs,  on  the  other ;  to 
account  for  the  elimination  that  takes  place  in  the  com- 
plaint. But,  the  results  that  have  been  now  obtained, 
looked  at  in  the  light  I  read  them,  carry  us  back  to  the 
position  maintained  by  our  countryman  Dr.  Prout  pre- 
vious to  the  promulgation  of  the  glycogenic  theory. 

Although  I  am  obliged,  then,  to  dissent  from  Bernard's 
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glycogenic  views,  yet,  I  most  willingly  admit,  how  much 
this  subjeci  js  indebted  to  him  for  the  present  advanced 
position  it  may  be  considered  to  hold.  To  this  distin- 
guished physiologist,  likewise  belongs  the  merit  of  an 
unquestionably  important  discovery ;  for,  it  was  he,  who 
first  made  known  the  amyloid  substance  of  the  liver. 

Acting  upon  the  principle  of  avoiding  the  ingestion  of 
starch  and  sugar  in  the  treatment  of  Diabetes,  I  have  in- 
stituted a  substitute  for  bread  out  of  almonds  and  eggs. 
This  will  be  found  referred  to,  in  the  latter  portion  of  the 
volume,  and  I  eagerly  hope  it  may  prove  a  desirable  accession 
to  the  limited  hst  of  articles  from  the  vegetable  kingdom,  that, 
under  such  a  restriction,  the  Diabetic  is  allowed  to  con- 
sume. 

33,  Bedfoed  Place,  Russell  Sqttahe; 
May  \Qth,  1862. 
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PART  1. 

On  the  Detection  of  Sugar.    Qualitative  and 
Quantitative  Analysis. 

Of  the  varieties  of  sugar,  glucose  or  grape  sugar  is 
that  which  is  encountered  in  investigations  upon  the  subject 
of  diabetes.  As  a  prehminary  step,  it  is  of  the  first  im- 
portance that  the  means  adopted  for  recognising  our  agent 
should  be  agreed  upon  as  satisfactory.  Happily,  we  do 
not  here,  at  the  onset,  encounter  any  difficulty.  Such 
strikingly  characteristic,  and  easily  recognisable  properties 
are  possessed  by  glucose,  that  it  is  almost  as  readily 
susceptible  of  detection  as  any  inorganic  material ;  and 
this,  even,  when  present  to  an  exceedingly  minute  extent. 
Numerous  tests  have  been  from  time  to  time  recommended, 
but.  It  IS  only  to  those,  that  have  been  employed  in  my  in- 
vestigations, that  I  consider  it  necessary  in  the  followino- 
pages  to  refer.  These  are  the  alkali,  the  cupro-potassic 
and  the  fermentation  tests. 
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The  alkali,  or  Moore's  test,  consists  in  treating  the  speci- 
men to  be  examined  with  a  solution  of  potash,  and  then 
boiling.  The  alkali  decomposes  the  sugar,  resolving  it  into 
a  dark-colonred  substance,  which  gives  to  the  liquid  more 
or  less  of  a  sherry  or  brownish  hue.  I  do  not  consider  this 
test  a  desirable  one  for  physiological  purposes.  Where  the 
quantity  of  sugar  is  large,  as  in  diabetic  urine,  the  effect  is 
so  strongly  marked  that  there  cannot  be  any  mistake  about 
it ;  but,  where  the  quantity  of  sugar  is  small,  there  is  only 
a  slight  difference  of  colour  to  appreciate.  Now,  it  happens, 
even  with  the  best-intentioned  efforts,  that  we  are  all  apt 
to  be  deceived,  where  shades  of  difference,  particularly  in 
colour,  are  relied  on.  What,  certainly  for  physiological 
purposes,  we  require  is  something  giving  a  more  decided 
"  aye"  or  nay,"  and  this  we  get  with  the  copper  and  fer- 
mentation tests. 

In  using  Moore's  test  as  a  means  of  detecting  diabetes, 
a  drachm,  say,  of  urine  is  treated  in  a  test-tube,  with  about 
half  its  bulk  of  hquor  potassae,  and  boiled  for  a  couple  of 
minutes  over  a  spirit  lamp.  It  must  be  borne  in  mind 
that  a  fallacy — and  I  have  frequently  seen  it — may  occur. 
If  the  liquor  potassae  have  been  kept  in  a  white  or  flint-glass 
bottle,  it  becomes  contaminated  with  lead.  Lead  may, 
also,  have  been  abstracted  from  the  glaze  of  an  earthenware 
dish,  in  which  the  potash  may  have  been  boiled  or  evapo- 
rated down.  At  all  events,  from  whatever  source  the  lead 
has  been  derived,  on  boiUng  the  liquor  potassae  contami- 
nated with  it,  with  any  organic  compound  containing 
sulphur,  the  sulphur  is  liberated,  and,  combining  with  the 
metal,  produces  a  more  or  less  dark-coloured  liquid,  accord- 
ing to  the  amount  of  sulphuret  formed. 

Por  reasons  that  will  thus  be  apparent,  it  may  be  in- 
ferred that  I  rarely  resort  to  the  use  of  the  liquor  potassse 
test.    It  is  only,  indeed,  in  the  examination  of  urine  that 
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I  ever  employ  it ;  and,  then,  only  when  I  do  not  happen  to 
have  the  copper  test  at  hand. 

The  copper  test  is  certainly,  according  to  my  own  ex- 
perience, by  far  the  most  useful  test  that  we  have  for 
sugar.  There  are  various  forms  of  it ;  but  in  all,  the  prin- 
ciple of  action  is  the  same.  Free  protoxide  of  copper  is' 
present,  which,  on  being  boiled  with  grape-sugar,  loses  half 
its  oxygen,  and  is  thrown  down  as  a  yellow,  orange-yellow, 
or  orange-red  precipitate,  according  to  the  amoant  of  sugar 
present,  or  the  degree  of  concentration,  which  possibly  de- 
termines an  alteration  in  the  state  of  hydration  of  the 
deposit.  A  liquid  containing  a  large  proportion  of  sugar 
produces  an  orange-red  deposit;  whilst  one  containing 
a  slight  proportion  only,  gives  rise  to  a  yellow-coloured 
deposit. 

In  Trommer's  test,  the  oxide  of  copper  is  set  free  at  the 
time  the  test  is  employed.    A  drop,  or  a  couple  of  drops, 
of  a  moderately  strong  solution  of  the  sulphate  of  copper, 
being  allowed  to  fall  into  the  specimen  to  be  tested,  liquor 
potassae  is  then  added  in  considerable  excess.    The  precipi- 
tate, at  first  thrown  down  on  the  addition  of  the  alkali,  is 
re-dissolved  when  sugar  is  present,  and  a  deep  blue  coloured 
hquid  is  the  result,  which,  on  boiling,  deposits  the  reduced 
or  sub-oxide  precipitate.    Trommer's,  is,  I  consider,  less 
serviceable  than  the  other  forms  of  copper  test,  on  account 
of  its  being  less  convenient  and  less  ready  of  application ; 
and,  from  the  fact  that  where  only  traces  of  sugar  are 
present,  they  may  escape  detection,  in  consequence  of  un- 
dissolved protoxide  obscuring  a  slight  production  of  reduced 
oxide  that  may  have  taken  place. 

In  the  other  copper  tests,  the  oxide  of  copper,  thrown  down 
by  the  alkali,  is  held  in  solution  by  the  presence  of  some 
organic  material,  which  does  not  occasion  its  reduction  at 
the  temperature  of  ebullition.    It  is  the  property  of  the 
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protoxide  of  copper  not  to  be  soluble  in  an  alkali  unless 
some  form  of  organic  matter  is  present,  when  perfect 
solubility  is  the  result.  In  these  solutions  it  is,  of  course, 
necessary  to  employ  some  form  of  organic  matter  that  does 
not  possess  the  power  of  deoxidizing  the  metallic  oxide  at  a 
boiling  heat.  The  tartaric  acid  is  of  this  kind,  and  is  the 
agent  commonly  selected  for  introduction  into  the  test. 
Barreswil's  liquid,  which  is  the  form  of  copper  test  that 
has  been  employed  by  Bernard  in  his  researches,  is  made 
with  the  cream  of  tartar.  Reduced  to  our  English  scale  of 
weight  and  measurement,  it  is  thus  composed : 

Barreswil's  Test  Solution  for  Sugar. 

Bitartrate  of  potash  (cream  of  tartar)  960  grains. 

Carbonate  of  soda  (crystallized)    .  960  „ 

Caustic  potash  (potassa  fusa)    .    .  640  „ 

Sulphate  of  copper   320  „ 

Distilled  water  20  fluid  oz. 


These  materials  are  to  be  dissolved  and  mixed,  and  the 
resulting  blue  liquid  to  be  filtered. 

The  use  of  the  bitartrate  of  potash  in  the  above  Hquid 
calls  for  the  employment  of  the  carbonate  of  soda  to  neu- 
tralize its  excess  of  acid.  It  appears  to  me  more  simple  to 
take  at  once  the  neutral  tartrate  of  potash,  and  then  the 
carbonated  alkali  may  be  dispensed  with.  Fehling's  so- 
lution is  of  this  description,  and  consists  of  sulphate  of 
copper  and  tartrate  of  potash,  with  soda  as  the  alkali. 

The  test  that  I  employ  in  my  laboratory  is  a  modification 
of  Pehhng's  solution,  containing  caustic  potash  instead  of 
soda.  The  following  are  the  proportions  of  the  ingredients 
taken.    Used  quantitatively,  the  strength  is  such,  that  half 
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a  grain  of  grape  sugar  exactly  reduces  the  oxide  contained 
in  100  minims  of  the  solution. 

Modification  of  Feeling's  Test  Solution  for 

Sugar. 

Sulphate  of  copper      .       .       .320  grains. 
Tartrate  of  potash  (neutral)  .        .  640 
Caustic  potash  (potassa  fusa)        .1280  „ 
Distilled  water    .       .       .       .20  fluid  oz. 

Dissolve  the  tartrate  of  potash  and  caustic  potash  together 
in  one  portion  of  the  water,  and  the  sulphate  of  copper 
alone  in  the  other ;  afterwards  mix. 

Where  a  test  solution  is  not  required  in  sufficient  quantity 
to  lead  to  its  being  kept  ready  prepared,  1  can  recommend 
.the  foUowing  as  a  simple  method  of  extemporaneously 
preparing  one  for  use.  Take  five  grains  of  sulphate  of 
copper  and  ten  grains  of  tartrate  of  potash  (neutral),  and 
dissolve  m  two  drachms  of  liquor  potass^.  A  clear  deep- 
blue  liquid  is  formed,  which  is  quite  as  efficient  as  any 
other  kmd  of  cupro-potassic  test. 

There  is  a  circumstance  connected  with  the  use  of  all  the 
copper  solutions,  that  it  is  exceedingly  important  to  be 
aware  of.  If  the  test  liquid  be  kept  for  anv  considerable 
period,  and  particularly  if  exposed  to  light,  it  will  of  itself 
deposit  some  red  oxide  on  boiling.  Probably,  an  action 
occurs  by  which  the  free  is  converted  into  the  carbonated 
alkah.  Hence,  unless  the  solution  have  been  recently  pre- 
pared, it  should  be  tested,  by  boiling  a  little,  alone,  from  time 
to  time;  and  if  it  should  be  found  to  give  a  precipitate, 
a  tresh  addition  of  potash  will  completely  renovate  it— will 
render  it,  m  fact,  again  as  fit  as  ever  for  use. 

Although  the  test  may  be  good,  yet  the  precipitation 
ot  sub^oxide  from  a  copper  solution  must  not  be  looked 
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upon  as  affording  an  infallible  indication  of  the  presence  of 
sugar ;  neither,  on  the  other  hand,  must  the  absence  of  a 
precipitate  be  regarded  as  unequivocally  proving  the 
absence  of  sugar.  Such  a  remark  must  seem  materially 
to  detract  from  the  value  of  this  test ;  but,  bearing  in 
mind  what  has  been  mentioned  above,  and  other  considera- 
tions to  follow,  I  do  not  think  we  are  much  exposed  to 
fall  into  error.  At  all  events,  the  other  tests  are  not 
without  their  objections,  and  my  experience  decidedly  is, 
that  the  copper,  is  the  most  useful  test  we  have. 

I  have  seen  it  remarked,  that  glycerine,  tannine,  cellulose, 
leucine,  uric  acid,  and  chloroform,  are  each  capable  of 
producing,  in  different  degrees,  a  reduction  of  the  oxide 
of  copper.  Chloroform  certainly  exerts  a  strong  reducing 
effect.  Uric  acid  I  have  witnessed  occasion  some  deposit 
of  red  oxide ;  and  from  cotton  I  have  obtained  just  a  trace 
of  precipitate.  But  the  glycerine  I  have  tested  has  not 
yielded  any  reaction. 

There  are  circumstances  under  which  no  deposit  of  sijb- 
oxide  maybe  observed,  although  sugar  may  be  indisputably 
present.  Ammoniacal  salts  have  the  property  of  giving 
rise  to  this  occurrence.  I  have  frequently  noticed,  where,  an 
ammoniacal  odour  has  been  evolved  on  boiling  a  specimen  of 
urine,  for  example,  in  diabetes  artificially  induced  in  animals, 
with  the  blue  Hquid,  that  at  first  there  has  been  no  per- 
ceptible change;  then,  a  change  of  colour,  Avithout  any 
precipitation  has  taken  place;  and,  when  the  boihng  has 
been  continued,  so  that  the  potash  of  the  blue  hquid  has 
expelled  the  whole  of  the  ammonia,  a  considerable  deposit 
of  sub-oxide  has  fallen. 

The  presence  of  albumen  interferes  with  the  proper  re- 
action of  the  copper  test.  I  expect  this  depends  upon  the 
ammonia  evolved  as  the  result  of  the  destruction  'of  the 
albumen  by  the  potash  in  the  test.    In  a  case  of  apoplexy, 
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where  the  urine  was  albummous,  I  tested  for  sugar,  expect- 
ing to  find  it,  because  there  w^as  sudden  and  great  con- 
gestion of  the  circulation.  The  action  of  the  test  was 
obscure,  indeed,  I  coukl  not  say  that  it  afforded  a  decided 
indication  of  the  presence  of  sugar,  until  after  the 
urine  had  been  previously  boiled  and  filtered,  to  get  rid 
of  the  albumen,  when  a  neat  precipitation  of  sub -oxide 
occurred. 

I  have  noticed,  also,  in  testing  prepared  liquids  during  my 
physiological  researches ;  that,  an  incomplete  separation  of 
albumen  has  concealed  the  presence  of  sugar,  when  exist- 
ing only  to  a  slight  extent.  It  is,  then,  particularly 
necessary  always  to  secure  that  exposure  to  fallacy  from 
such  a  source  should  be  avoided. 

The  urine,  under  ordinary  circumstances,  requires  no 
preparation  for  the  application  of  the  copper  solution,  even 
to  display  the  presence  of  a  sHght  quantity  of  sugar.  Where, 
however,  the  existencs  of  but  traces  only  of  sugar  are 
sought  after,  the  Lrine  may  be  concentrated  by  evaporation, 
and  treated  with  the  acetate  of  lead  to  get  rid  of  colouring 
matter,  urates,  and  phosphates. 

My  researches  have  not  been  of  a  nature  to  have  given 
me  much  experience  upon  the  detection  of  very  minute  quan- 
tities of  sugar  in  urine.  Dr.  Bence  Jones,  however,  has  made 
an  able  analysis  of  the  relative  merits  of  the  principal  pro- 
cesses that  have  been  suggested,  and  has  furnished  his  re- 
sults in  a  paper  published  in  the  '  Quarterly  Journal  of  the 
Chemical  Society'  for  April,  1861.  From  one  of  Professor 
Brucke's  processes  the  best  results  were  obtained.  One 
seventh  of  a  grain  of  sugar,  dissolved  in  200  cubic  centimetres 
of  lu-ine,  could  be  detected,  and  two  thirds  of  all  the  sugar 
added,  was  recovered.  The  process  consists  in  precipitating 
the  urine  with  neutral  acetate  of  lead,  and  then  with  basic 
acetate  of  lead;  and,  after  filtering  off  the  precipitate, 
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adding  ammonia.  In  this  last  precipitate,  the  chief  part  of  the 
sugar  present  will  be  found.  The  ammonia  precipitate  is 
to  be  treated  with  a  solution  of  oxaHc  acid,  or,  what  is  better, 
according  to  Dr.  Bence  Jones,  with  sulphuretted  hydrogen, 
to  separate  the  lead.  The  filtrate  is  colourless,  and 
contains  the  sugar  in  a  state  fit  for  detection  by  any  of  the 
sugar  tests. 

With  a  fluid  like  blood,  highly  coloured  and  albuminous, 
as  such  a  fluid  is,  a  process  of  preparation  is  absolutely 
indispensable  before,  under  any  circumstances,  our  copper 
test  can  be  applied.  But,  exposure  to  boihng  is  not  suffi- 
cient to  effect  a  complete  precipitation  of  the  albumen 
and  colouring  matter,  on  account  of  the  existence  of  the 
alkalinity  which  belongs  to  blood.  The  cautious  addition 
of  acetic  acid  to  the  point  of  neutralization,  in  conjunction 
with  the  boihng,  will  lead  to  the  object  that  is  desired,  and 
furnish  a  limpid,  colourless  fluid ;  but  an  excess,  even  a 
very  slight  excess  of  acid,  operates  in  the  same  way  as  the 
original  alkalinity.  Being  a  solvent  of  albuminous  matters, 
a  slight  excess  of  acetic  acid  exactly  produces  the  condition 
that  its  employment  was  intended  to  remove. 

A  much  less  troublesome  process,  for  preparing  a  hquid 
like  blood,  to  test,  is  by  boiling  it  with  some  sulphate  of 
soda.  A  small  quantity  of  the  fluid — say  half  an  ounce — 
is  placed  in  a  small  porcelain  capsule,  and  into  it  is  thrown 
about  its  own  weight  of  sulphate  of  soda,  in  crystals. 
On  briskly  boiling,  a  complete  separation  of  albumen  and 
colouring  matter  is  effected,  so  that,  when  thrown  on  a 
filter,  a  limpid,  transparent  liquid  immediately  runs 
through.  The  only  precaution  needed,  is  to  add  enough 
of  the  salt  to  ensure  a  total  separation  of  all  that  is  coa^ 
gulable.  The  presence  of  the  sulphate  of  soda  in  the 
filtered  hquid  does  not  in  the  slightest  degree  interfere 
with  the  application  of  the  copper  test. 
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For  a  solid  organ,  such  as  the  Uver,  the  method  of  pro- 
cedure to  prepare  for  testing,  may  be ;  either,  to  make  a 
plain  decoction  of  it,  or  else  to  pound  it  in  a  mortar  with 
nearly  an  equal  bulk  of  the  sulphate  of  soda,  and  then 
heat  and  filter  in  the  same  manner  as  with  blood. 

Animal  charcoal  has  been  more  lately  recommended  for 
separating  sugar  from  some  other  materials.  The  ab- 
sorbent power  of  animal  charcoal  is  a  well-known  property; 
but,  according  to  Bernard,*  glucose  is  a  substance  that  it 
does  not  take  up.  Hence  (still  following  the  same  autho- 
rity), although  it  removes  albumen  and  colouring  matter 
from  blood,  albumen  and  uric  acid  from  urine,  and  even 
caseine  and  fatty  matter  from  milk,  yet,  sugar  present  in 
either  case  will  be  left  and  pass  with  the  Hquid  through 
the  filter.  I  have  several  times  tried  this  process  upon 
blood,  but  have  no  hesitation  in  giving  a  decided  pre- 
ference to  the  old  plan  with  the  sulphate  of  soda. 

Although  a  point  of  doubt  might  exist  in  the  minds  of 
some  concerning  the  reliance  to  be  placed  upon  the  indica- 
tions afforded  by  the  tests  I  have  mentioned,  yet  the 
fermentation  test  has  been  hitherto  generally  looked  upon 
as  perfectly  characterising  by  its  reaction  the  presence  of 
sugar.  It  seems,  however,  from  the  researches  of  a 
French  chemist,  M.  Berthelot,  who  has  recently  devoted 
much  attention  to  the  chemistry  of  the  sugars,  and  whose 
statements  are  entitled  to  the  greatest  consideration,  that 
there  are  other  substances  besides  sugar — ^viz.,  glycerine, 
mannite,  dulcine,  and  sorbine,  which  are  capable  of  under- 
going the  alcoholic  fermentation  with  yeast.  Alcoholic 
fermentation,  therefore,  can  no  longer  be  regarded  as 
affording  an  infallible  indication  of  sugar. 

For  the  application  of  the  fermentation  test  the  process 
is  exceedingly  simple.    A  contrivance  such  as  is  repre- 

*  'Lefous  de  Phjsiologie,  Cours  du  semestre  d'liiver  1854-55/  p.  45. 
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sented  at  Plate,  fig.  3,  will  be  found  the  most  convenient. 
1  he  urine  or  hquid  to  be  examined  is  mixed  with  yeast  and 
placed  m  the  test  tube,  which  ought  to  be  fiUed  to  the  top. 
The  bent  tube  is  then  introduced,  and  the  cork  tightly 
adapted.  The  end  of  the  bent  tube  should  nearly  reach 
the  bottom  of  the  test  tube,  so  that  as  the  gas,  resulting 
from  fermentation,  is  generated  and  rises  in  the  test  tube, 
it  may  cause,  by  its  pressm-e,  an  expulsion  of  the  hquid,' 
which  is  to  be  received  into  a  glass  suitably  placed  for  the 
purpose  of  collecting  it.  The  test  tube  is  immersed  in  a 
vessel  of  tepid  water,  and  placed  in  a  warm  situation, 
as  before  a  fire;  or  else,  the  water  should  be  renewed 
as  occasion  may  require.  By  this  application  of  warmth, 
when  grape  sugar  is  present,  fermentation  in  a  few  minutes 
commences  briskly  to  take  place,  and  the  generated  gas, 
rising  in  the  test  tube,  displaces  the  liquid,  which  becomes 
transferred  to  the  glass. 

For  ordinary  purposes  the  evolution  of  gas  may  be 
taken  as  a  proof  of  fermentation ;  but,  should  it  be  consi- 
dered to  require  confirmation,  the  actual  production  of 
alcohol  and  carbonic  acid  may,  in  the  following  manner, 
be  easily  established. 

The  test  tube,  which  has  been  gradually  emptied  of  its 
contents  and  is  supposed  to  be  filled  with  carbonic  acid 
gas,  is  inverted  and  the  cork  removed  under  water.  A 
small  fragment  of  potash  being  introduced,  the  thumb  is 
applied  to  the  extremity  to  close  it,  and  agitation  freely 
performed  for  a  minute.  The  carbonic  acid  is  absorbed  by 
the  potash  and  a  vacuum  formed,  which  is  shown  by  again 
inverting  the  test  tube,  and,  with  its  mouth  under  water, 
removing  the  thumb.  The  water  instantly  ascends  and 
occupies  the  space  of  the  carbonic  acid  that  has  been 
absorbed. 

To  recognise  the  alcohol,  the  liquid  which  has  been  dis- 
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placed  from  the  test  tube  is  still  kept  in  a  warm  situation, 
to  favour,  by  the  completion  of  fermentation,  the  produc- 
tion of  as  much  of  it  as  possible.  The  liquid  is  then 
submitted  to  distillation,  and,  when  about  a  third  of  its 
bulk  has  passed  over,  this  is  mixed  with  caustic  lime  and 
placed  in  a  test  tube  provided,  as  represented  at  Plate, 
fig.  2,  with  a  cork  and  small  glass  tube  drawn  out  at 
one  end  to  a  fine-pointed  extremity.  The  lime  combining 
with  the  water,  the  alcohol  is  expelled  in  a  tolerably 
pure  form  on  the  application  of  heat.  It  may  be  set 
light  to,  and  will  be  found  to  burn  with  a  pale-blue 
flame,  as  it  issues  through  the  pointed  extremity  of  the 
tube. 

The  presence  of  alcohol  may  also  be  displayed  by  the 
bichromate  of  potash  and  sulphuric  acid  test.  This 
process  may  be  employed  when  the  alcohol  is  in  too  small 
a  quantity  to  be  detected  by  ignition.  The  fermented 
product  is  submitted  to  distillation.  The  first  few  drops 
that  pass  over  are  collected  and  poured  into  the  test, 
consisting  of  a  moderately  strong  solution  of  bichromate 
of  potash  treated  with  a  small  quantity  of  sulphuric  acid. 
On  being  gently  heated,  the  fluid  becomes  of  a  beautiful 
emerald  green,  should  alcohol  be  present. 

In  applying  the  fermentation  test,  it  is  necessary  that  the 
yeast  should  be  thoroughly  washed  before  use.  Yeast,  as 
purchased,  will  undergo  a  considerable  fermentation  alone, 
and  even  after  being  well  washed,  I  have  found  it  give  rise 
to  the  evolution  of  a  slight  amount  of  carbonic  acid.  In 
fact,  the  fermentation  test  in  my  hands  has  far  from  proved 
susceptible  of  that  delicacy  and  absolute  precision  I  could 
have  desired. 

The  tests  I  have  been  speaking  of  have  had  reference 
to  glucose,  or  grape  sugar,  which  is  the  only  kind  of 
sugar  the  pathologist  has  to  deal  with.    In  conducting 
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physiological  investigations,  however,  it  may  be  necessary 
to  seek  for  cane  sugar,  which  is  not  sensitive  to  either 
form  of  the  copper  test.  To  render  it  so,  it  must  first  be 
converted  into  glucose ;  and  this  may  be  done  by  boiling 
the  specimen  supposed  to  contain  cane  sugar  for  a  short 
time  with  a  small  quantity  of  sulphuric  acid.  The  acid 
employed  being  neutralized,  the  copper  test  will  indicate  if 
any  glucose  have  been  formed. 

For  the  quantitative  determination  of  sugar,  the  process 
I  always  adopt  is  with  the  cupro-potassic  solution;  and 
this,  my  experience  enables  me  to  speak  of  as  being  suscep- 
tible  of  very  great  delicacy.    We  do  not  separate  and 
weigh  the  sugar,  as  the  chemist  does  with  an  inorganic 
material ;  but,  on  the  other  hand,  estimate  its  amount  by 
its  extent  of  reducing  or  deoxidizing  effect  on  a  copper 
solution  of  standard  strength.     The  copper  solution  I 
employ  is  that  composed  of  the  tartrate  of  potash,  potash, 
and  sulphate  of  copper,  the  precise  composition  of  which  is 
to  be  found  at  page  5.    This  liquid  is  of  such  a  strength 
that  100  minims  of  it  are  decolorized  by  half  a  grain 
of  grape  sugar — in  other  words,  half  a  grain  is  the  exact 
amount  of  sugar  required  to  convert  the  whole  of  the 
oxide  of  copper  into  the  state  of  sub-oxide  that  is  contained 
in  1 00  minims  of  the  liquid.    The  sugar  from  which  this 
determination  of  strength  was  drawn,  was  specially  sought 
after  to  procure  as  pm-e  a  specimen  as  possible.    It  was 
obtained  from  Mr.  Morson,  and  was  thoroughly  deprived  of 
water  by  drying  in  a  steam  oven  before  being  used. 

In  describing  how  the  quantitative  analysis  is  performed, 
I  will  give  an  illustration  of  the  method  of  procedure  I 
adopt  in  the  case  of  a  specimen  of  diabetic  urine. 

In  an  ordinary  case  of  diabetes  the  urine  is  too  concen- 
trated with  sugar  to  operate  upon  alone,  so  it  is  diluted 
with  four  times  (this  I  have  found  about  the  most  con- 
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venient  extent  of  dilution)  its  bulk  of  water.  For  the 
process  of  dilution,  I  use  a  tall,  narrow,  graduated  glass, 
such  as  is  represented  at  Plate,  fig.  4.  It  is  divided 
into  100  measures;  and  I  therefore  fill  up  to  80  with 
distilled  water,  and  then  to  100  with  the  urine.  The 
mixture  is  emptied  into  a  vessel,  and  poured  backwards 
and  forwards  once  or  twice,  so  that  the  two  may  become 
thoroughly  mixed  together. 

One  hundred  minims  of  blue  liquid  are  now  taken  and 
placed  in  a  smaU  porcelain  capsule,  with  a  fragment  of 
solid  caustic  potash  about  double  the  size  of  a  pea.  This 
addition  of  potash  causes  the  precipitate  to  fall  in  a 
denser  form,  and  thus  leaves  the  colour  of  the  liquid  more 
easily  seen.  The  capsule  is  placed  over  the  flame  of  a 
spirit  lamp  on  a  retort-stand,  or  what  is  better,  on  a  piece 
of  iron-wire  gauze,  fitting  on  the  top  of  an  earthenware 
cyUnder,  as  at  Plate,  fig.  1.  The  cylinder  protects  the 
flame  of  the  spirit  lamp  from  draught,  and  the  gauze  dis- 
tributes the  heat  and  renders  the  boiling  much  more 
steady.  The  liquid  in  the  capsule  is  to  be  made  to  boil 
gently,  and  then,  the  diluted  urine  is  dropped  into  it  slowly 
from  a  graduated  tube,  until  the  blue  colour  is  entii'ely 
removed.  The  contents  of  the  capsule  having  been  kept 
steadily  boiling  all  the  time,  as  soon  as  the  blue  colour  has 
disappeared,  the  amount  of  diluted  urine  employed  is  to 
be  read  off"  from  the  graduated  scale  of  the  tube. 

Usually  when  the  operation  is  slowly  and  properly  per- 
formed, the  red  oxide  produced,  collects  at  the  bottom  of 
the  capsule,  leaving  the  liquid  above  clear,  the  colour  of 
which  may  be  gradually  observed  to  fade,  and  finally  dis- 
appear. At  other  times,  the  reduced  oxide  is  more  or  less 
distributed  through  the  liquid,  but  even  then,  it  is  not 
difficult,  after  a  little  experience,  to  decide  when  the  point 
required,  is  attained.  All  trace  of  blue  or  green  should  be  just, 
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and  no  more  than  destroyed,  and  a  pure  orange  or  orange- 
red  produced.  It  is  desirable  occasionally  with  a  glass  rod 
to  turn  the  capsule  a  little  on  one  side,  so  as  to  bring  the 
fluid  over  a  clean  part  of  the  surface,  where  no  sub-oxide 
has  fallen,  in  order  that  against  a  white  ground  any  trace 
of  remaining  colour  may  be  more  easily  perceived. 

The  tube  I  employ  for  measuring  the  blue  Kquid,  and 
for  dropping  the  diluted  urine  into  the  capsule,  consists  of 
a  long,  narrow  pipette,  the  form  of  which  is  represented  at 
Plate,  fig.  5.  It  is  graduated  in  minims ;  each  minim, 
in  accordance  with  the  Pharmacopoeia  standard,  being 
equivalent  to  the  480th  part  of  a  fluid  ounce,  or  the  OOth 
part  of  a  fluid  drachm.  The  scale  contains  100  minims,  and 
commences  above ;  so  that,  starting  at  0,  the  fluid  which 
has  been  allowed  to  escape  may,  without  any  calculation, 
be  read  off".  Tubes  constructed  according  to  the  descrip- 
tion I  have  given  are  to  be  procured  at  Mr.  Griffin's, 
Bunhill  Row,  London. 

In  following  out  an  example,  let  it  be  supposed  that  a 
diabetic  person  has  passed  ten  pints  of  urine  dm^ing  the 
twenty-four  hours.  It  has  been  all  mixed  together,  and  a 
mean  specimen  of  the  whole  taken  for  analysis.  A  portion 
is  diluted  with  water,  to  the  extent  of  one  part  in  five. 
100  minims  of  the  blue  hquid  have  been  measm-ed  out 
into  a  capsule,  and  a  fragment  of  caustic  potash  introduced. 
The  liquid  having  been  made  to  boil  gently,  the  diluted 
urine  is  dropped  slowly  into  it  from  the  graduated  pipette, 
the  escape  being  controlled  by  the  finger  placed  at  the 
top,  until  a  decolorization  is  effected.  Having  started  at 
0,  the  amount  of  diluted  urine  required  for  this  purpose 
can  be  read  off"  from  the  graduated  scale  by  a  glance  at  the 
height  of  what  remains  in  the  tube.  Suppose  twenty-eight 
minims  to  be  the  quantity  that  has  been  allowed  to  escape ; 
this  is  noted  down,  and  the  analysis  is  complete.    It  now 
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only  requires  a  little  calculation  to  ascertain  the  amount  of 
sugar  eliminated  during  the  twenty-four  hours. 

One  hundred  minims  of  blue  hquid,  requiring  half  a  grain 
of  sugar  for  decolorization,  and  28  minims  being  the 
amount  of  the  diluted  urine  that  has  been  taken  to  de- 
colorize this  quantity,  gives  to  the  28  minims  of  diluted 
urine  half  a  grain  of  sugar.  By  the  simple  rule  of  pro- 
portion, the  amount  of  sugar  per  ounce  is  now  ascertained. 
Thus— 

Minims  of  Grain  of  Minims  of  Grains  of 

diluted  urine.  sugar.  diluted  urine.  sugar. 

As     28        :       -5       :  :       480  (1  fluid  ounce)       :  8-57 

But  it  is  an  ounce  of  the  diluted  urine  that  contains 
8 "57  grains  of  sugar,  and  the  extent  of  dilution  being  such 
that  the  ounce  is  composed  of  only  a  fifth  part  of  urine, 
it  is  this  fifth  part  of  the  ounce  that  represents  the  8*57 
grains  of  sugar.  Therefore  the  8*57  must  be  multiplied 
by  5  to  get  the  amount  of  sugar  present  in  the  ounce  of 
undiluted  urine,  8'57  X  5  =  42-85.  The  urine  thus 
containing  42  8 5  grains  of  sugar  per  ounce,  and  the  pa- 
tient having  passed  10  pints,  or  200  ounces,  during  the 
twenty-four  hours,  gives  8570  grains  as  the  amount  of 
sugar  eliminated  for  this  period. 

Although  this  process  is  somewhat  long  to  describe,  yet, 
with  the  requisite  conveniences  at  hand,  and  with  the  tact 
acquired  by  a  little  experience,  it  can  be  quickly  and  easily 
applied.  That  it  is  susceptible  of  a  fair — of  even  a  minute 
degree  of  accuracy,  I  have  proved  upon  repeated  occasions. 
For  instance,  I  have  frequently  taken  a  number  of  difierent 
specimens  of  diabetic  urine,  and  determined  the  amount 
of  sugar  in  each.  I  have  then  mixed  all  the  specimens 
together,  and  ascertained  by  analysis  the  amount  of  sugar 
existing  in  the  whole.'  The  figures  given  by  the  amounts 
of  the  several  specimens  added  together,  have  corresponded 
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within  a  very  little  of  the  figures  given  by  the  analysis 
of  the  whole.  For  many  days,  in  a  case  of  diabetes,  when 
I  directed  the  urine  to  be  collected  in  separate  vessels  for 
every  four  hours,  and  when  I  had  thus  six  specimens  a  day 
for  analysis,  I  checked  the  results  derived  from  these  six 
analyses,  by  mixing  all  the  urine  together,  and  making  an 
examination  of  a  specimen  of  the  whole.  I  used  generally 
.to  bring  the  amounts  given  by  these  two  processes  for  the 
twenty-four  hours  within  about  twenty  or  thirty  grains  of 
each  other. 

To  avoid  repeating  the  calculation  for  ascertaining  the 
quantity  of  sugar  per  fluid  ounce,  from  the  number  of  mi- 
nims taken  to  decolorize,  for  each  particular  instance,  I  have 
worked  out  the  amounts  for  every  minim,  between  1 5  and 
100,  and  framed  them  into  a  table,  which  I  keep  at  hand 
for  reference,  and  find  of  the  greatest  convenience:  This 
table  I  introduce  for  the  assistance  of  others.  In  using  it, 
all  that  is  needed,  is  to  look  opposite  the  number  of  minims 
required  for  decolorization,  to  find  the  amount  of  sugar 
contained  in  each  fluid- ounce  of  the  specimen  submitted  to 
analysis.  Proper  account  must  afterwards  be  taken  of 
the  extent  of  dilution  that  has  been  employed,  when 
speaking  of  the  sugar  per  ounce  that  the  urine  itself  con- 
tains. To  give  an  example,  suppose  26  minims  to  con- 
stitute the  quantity  of  a  specimen  required  to  decolorize 
100  minims  of  the  blue  liquid,  and  the  specimen  to  be 
composed  of  one  measure  of  urine  diluted  with  four  mea- 
sures of  water ;  then  the  sugar  per  ounce  in  the  specimen 
examined  will  be  9 '23  grains,  and  in  the  undiluted  urine 
(9-23  X  5)  46-15  grains. 
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Table  slmvin(/  the  quantity  of  sugar  per  fluid  ounce,  for 
minims,  from  \  h  to  100,  required  to  decolorise  100  minims 
of  my  blice  liquid. 


Minims  to 
decolorise. 

SuMr  per 
fluid  ounce. 

Minims  to 
decolorise. 

Sn^ar  per 
fluid  ounce. 

Minims  to 
decolorise. 

Sugar  per 
fluid  ounce. 

ID 

io 

K  tA  K 

0  45 

7o 

Q  .O  0 

O  ZO 

1  P. 
ID 

lo 

5  00 

74 

O  .O  A 

0  Ji4 

I  / 

14  11 

A  n 
40 

5  al 

O'er 

75 

O  -O  A 
O  ZU 

lo  OO 

A  T 
4/ 

CIA 

5  10 

7d 

0  15 

J  y 

1  0-AQ 
IZ  DO 

4:0 

c . 

0 

77 

oil 

on 

12 

/I  O 

4y 

A  cn 
4  oy 

/8 

6  07 

01 

11  425 

oU 

A  Qn 
4  oU 

/y 

o  Oo 

00 

lU  J\J 

Oi 

4  /U 

OA 

Q  • 

O 

0'^ 

.60 

lU  6bO 

0.6 

4  Di 

0  1 

ol 

!a  yo 

04, 

00 

4  Ola 

o  no 

y  Du 

0  * 

4  44 

0  'J 

oo 

z  oy 

9fi 

tit; 

00 

4  OD 

QA 

o4 

O.CK 
Z  00 

97 

0  oo 

00 

4  <iO 

C  K 

oo 

O.QO 

98 

0  0/ 

t;7 

0/ 

A  '01 
4  .61 

OO 

0  .TA 

y  /y 

9Q 

8-07 

O  .6/ 

Oo 

4  lo 

0/ 

2-75 

30 

8- 

59 

4-06 

88 

2-72 

31 

7-74 

60 

4- 

89 

2-69 

32 

7-50 

61 

3-93 

90 

266 

33 

7-27 

62 

3-87 

91 

2-63 

34 

7-05 

63 

3-80 

92 

2-60 

35 

6-85 

64 

3-75 

93 

2-58 

36 

6-66 

65 

3-69 

94 

2-55 

37 

6-48 

66 

3-63 

95 

252 

38 

6-31 

67 

3-58 

96 

2-50 

39 

615 

68 

3-52 

97 

2-47 

40 

6- 

69 

3-47 

98 

2-4i 

41 

5-85 

70 

3-42 

99 

2-42 

42 

5-71 

71 

3-38 

100 

2-40 

43 

5-58 

72 

3-33 

It  is  especially  important  in  a  quantitative  examination 
for  sugar,  that  the  analysis  should  not  be  delayed  many 
hours,  on  account  of  the  decomposition  that  is  liable 
to  set  in.  During  the  hot  weather  of  summer,  it  is  not 
very  long  after  diabetic  urine  has  been  passed, 'before 
active  fermentation  may  be  obsei-ved  to  occur.  And, 
unless  the  chamber  vessel  is  thoroughly  cleansed  each 
time  it  is  emptied,  fermentation  is  almost  immediately 
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set  up,  by. contact  with  the  stale  urine  left  adherent  to  tlio 
surface. 

My  experience  latterly  has  been  confined  to  the  above 
process  as  a  means  of  arriving  at  a  quantitative  determina- 
tion of  sugar.  I  have  fovmd  it  so  satisfactory  in  its  appli- 
cation, that  I  have  not  had  occasion  to  employ  any 
other.  Formerly,  however,  upon  several  occasions  1 
resorted  to  the  fermentation  test,  in  which  an  estimate 
of  the  amount  of  sugar  is  formed  from  the  quantity 
of  carbonic  acid  evolved.  According  to  Dr.  Christison, 
the  evolution  of  one  cubic  inch  of  carbonic  acid  cor- 
responds in  round  numbers  to  one  grain  of  sugar;  or, 
speaking  more  precisely,  forty-seven  cubic  inches  of  gas 
are  equivalent  to  forty-five  grains  of  sugar.*  I  cannot 
say,  from  what  I  have  seen  of  this  test,  that  it  is  sus- 
ceptible of  the  minute  degree  of  accm'acy  that  could  be 
desired,  and  certainly,  for  facility  of  application,  it  is  not 
to  be  compared  to  the  process  with  the  cupro-potassic 
solution. 

*  'Library  of  Medicine,'  vol.  iv,  p.  2i9,  art.  "Diabetes  Mdlitus." 


PART  II 


On  thk  Physiological  Relations  of  Sugar. 

Diabetes  mellitds  consisting  of  an  unusual  flow  of  sugar 
from  the  body  with  the  urine,  the  first  step  to  be  taken 
in  an  investigation  of  the  nature  of  the  disease,  is  to  estab- 
lish  clearty,  the  natural  or  physiological  relations  of  sugar 
in  the  animal  economy.  It  will  be  readily  conc^fled,  I 
thmk,  that  a  knowledge  concerning  the  abnormal  bearings 
of  sugar  in  the  economy,  is  not  Hkely  to  rest  upon  any 
satisfactory  footing,  until  a  correct  notion  has  been  obtained 
of  the  state  that  is  normal.  It  is  only,  I  conceive,  through 
physiology  that  we  are  in  apposition  to  approach  advantage- 
ously the  pathology  of  diabetes. 

Willis,  it  appears,  about  the  year  1674,  was  the  first  to 
discover  that  the  urine  in  diabetes  possessed  a  sweet  taste 
and  It  was  left  tHl  a  century  later  (1778)  for  Cowley  to 
isolate  the  saccharine  principle.    Sugar  was  subsequently 
detected  in  the  blood.    Towards  the  close  of  the  eighteenth 
century,  Kollo  promulgated  the  notion  that  diabetes  was 
due  to  an  imperfect  digestion— to  a  derangement,  having 
Its  seat  m  the  stomach,  and  resulting  from  a  peculiar  altera- 
tion  m  the  gastric  juice,  which  had  acquired  the  pretended 
morbid  property  of  changing  into  sugar  the  vegetable  mate- 
rials ingested.    Later,  however,  Tiedemann  and  Gmelin 
showed  that  during  the  digestion  of  amylaceous  matter 
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sugar  was  naturally  formed  in  the  intestine ;  and,  Magendie 
and  others,  sabsequently  proved  that  sugar  Hkewise  passed 
into  the  blood,  whilst  the  digestion  of  amylaceous  matter 
was  going  forward.  It  hence  followed,  that  the  formation 
and  absorption  of  sugar  in  the  digestive  system  from  vege- 
table materials,  could  no  longer  be  looked  upon  as  the 
source  of  diabetes,  because  such  processes  were  shown  to 
take  place  as  physiological  occurrences.  Bernard's  investi- 
gations were  at  this  stage  commenced,  and  as  his  views 
have  lately  formed  the  accredited  doctrine  upon  this  subject, 
and  were  the  means  of  eliciting  my  own  researches,  I  shall 
have  to  refer  to  them  in  detail  as  I  proceed. 

Looking  to  the  extensive  distribution  of  sugar  in  the 
vegetable  kingdom,  and  to  its  entering  so  largely  into  the 
constitution  of  the  food  of  animals,  there  can  be  no  doubt 
that  it« forms  an  exceedingly  important  material,  both  in  re- 
gard to  animal  and  vegetable  life.    Being  soluble,  and  of  a 
highly  diffusible  character,  it  readily  passes,  after  ingestion 
into  the  animal  system,  by  a  physical  process,  from  the  sto- 
mach and  intestine  into  the  circulation.    The  action  of  the 
blood-vessels,  in  respect  to  absorption,  is  purely  physical; 
whilst  the  special  absorbent  system  of  the  intestine,  as  it 
commences  in  the  vilh,  has  a  peculiar  selective  power,  picking 
up  certain  materials  (oleo- albuminous),  and  rejecting  others, 
in  a  manner  that  cannot  be  explained  by  physics.  Sugar, 
salines,  and  such  like,  pass,  in  conformity  with  the  laws  of 
endosmose  and  exosmose,  into  the  blood  of  the  portal 
system,  and  are  carried  to  the  liver  before  entering  the 
general  circulation.    Now,  from  facts  I  shaU  have  to  bring 
forward,  it  appears  that  sugar  is  arrested  in  the  liver,  and 
converted  by  it  into  a  material,  which  is  found  pretty  largely 
in  the  healthy  organ. 

Besides  sugar  itself,  there  is  another  material,  even  more 
extensively  existing  in  the  vegetable  kingdom,  which. 
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althongli  presenting  far  different  properties  to  sugar,  yet  is 
transformed  into  it  witli  tlie  greatest  rapidity  when  certain 
conditions  are  present.    This  substance — starch — is  of  no 
use,  I  apprehend,  as  such,  either  to  the  animal  or  the  plant. 
It  would  seem  to  form  a  store  of  carbonaceous  material, 
which  may  be  kept  for  centuries  without  undergoing  change  ; 
but  which,  when  exposed  to  the  conditions  leading  to  its 
requirement,  is  with  rapidity  transformed  into  sugar — a 
material  that  can  be  made  use  of  in  the  processes  belong- 
ing to  active  Kfe.    A  grain  of  wheat,  excavated  with  the 
mummy  belonging  to  ages  past,  retains  its  starch  unchanged. 
Supply  this  grain  of  wheat  with  warmth,  air,  and  moisture, 
and  active  life  commences.    The  starch  now  immediately 
begins  to  be  transformed ;  the  condition  that  has  created  a 
demand  for  it,  leads  to  its  transformation  into  a  body,  which 
is  afterwards  susceptible  of  being  appropriated  to  the  wants 
of  the  growing  organism. 

In  vegetable  Kfe,  it  is  diastase— a  principle  developed 
during  germination— which  occasions  the  metamorphosis 
of  starch  into  dextrine  and  sugar.    It  seems  to  me  exceed- 
ingly doubtful,  however,  if  starch  pass  on  from  dextrine 
into  sugar  during  germination  to  the  extent  that  is  generally 
imagined.    Certainly,  the  quantity  of  sugar  contained  in 
malt  must  not  be  taken  as  an  index  of  the  quantity  of  sugar 
actually  existing  in  the  germinating  grain.    I  have  allowed 
barley  to  grow  in  a  temperate  atmosphere,  fully  to  the  ex- 
tent  that  is  done  by  the  maltster ;  and,  on  making  a  cold 
mfusion  of  it,  have  obtained  an  astonishingly  slight  indication 
of  the  presence  of  sugar.    On  the  infusion  being  warmed, 
however,  or  on  the  grooving  barley  being  exposed  to  a 
moderately  elevated  temperature— as  is  done  in  malting,  on 
the  kiln— a  large  production  of  sugar  is  observed  to  reVult. 
What  I  have  said,  refers  only  to  barley  that  has  germinated 
to  the  extent  allowed  in  malting ;  for,  it  is  true  tliat,  without 
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the  application  of  artificial  heat,  when  barley  has  grown 
much  beyond  this  extent,  a  considerable  quantity  of  sugar 
will  be  found  to  be  contained  in  it. 

In  the  animal  system,  there  are  secretions  pointed  out  by 
the  digestive  apparatus,  which  have  the  power  of  rapidly 
transforming  starch  into  sugar.    Human  saliva  converts 
starch  into  sugar  with  an  astonishing  rapidity,  but  it  is 
curious,  that  the  saliva  of  all  other  animals  does  not  possess 
a  similar  property.    It  is  a  fact  that  I  can  attest  from  my 
own  experience,  that  the  secretions  collected  from  the  large 
salivary  glands  of  the  dog,  either  taken  separately  or  mixed 
together,  have  no  action  whatever  towards  converting  starch 
into  sugar.    It  appears,  however,  that  the  fluid  derived 
from  the  mouth  possesses,  to  a  slight  extent,  a  transforma- 
tive power.    But,  that  the  saliva  is  not  the  fluid  specially 
intended  for  acting  upon  the  amylaceous  constituents  of  our 
food,  is  to  be  inferred  from  other  considerations,  besides  the 
difference  just  alluded  to,  in  the  extent  of  power  it  enjoys, 
amongst  diff'erent  members  of  the  animal  kingdom.  Starch 
is  seldom  ingested  as  food  under  such  favorable  circum- 
stances for  transformation,  as  it  exists  in  our  operations 
out  of  the  body  where  a  decoction  is  employed.    The  food 
is  delayed  but  a  comparatively  short  period  of  time  in  con- 
tact with  the  saliva  in  the  mouth;  and,  supposing  any 
action  to  take  place  in  this  cavity,  it  must  be  checked  when 
the  stomach  is  reached ;  for,  it  can  be  shown  by  experiment 
that  om  sahva  exerts  no  transformative  effect  in  the  pre- 

sence  of  an  acid. 

There  is  another  secretion  which  is  poured  into  the 
digestive  tract  further  on,  that  seems  to  be  specially  in- 
tended for  converting  starch  into  sugar.  The  pancreatic 
juice  at  90°  to  100°  rapidly  occasions  the  conversion  of 
starch  into  sugar ;  and,  unlike  what  is  the  case  with  saliva, 
all  the  conditions  in  the  interior  of  the  system  are  favorable 
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for  the  exercise  of  its  poAver.  The  food  has  been  reduced  to 
a  semifluid  state,  so  tliat  it  can  become  thoroughly  incorpo- 
rated with  the  secretions.  The  acid  of  the  chyme  has  been 
more  or  less  neutralized  by  the  alkali  of  the  pancreatic  juice 
and  bile.  The  temperature  is  elevated  and  equable ;  and, 
the  passage  along  the  intestine  is  slow,  by  which  the  starch 
is  delayed  in  contact  with  its  metamorphosing  agent.  Pro- 
bably the  secretion  from  Brunner's  glands,  and  possibly 
that  from  the  siuface  of  the  small  intestine,  assist  the  pan- 
creatic juice,  which,  also  has  an  office  to  perform  in  connec- 
tion with  the  emulsification  or  preparation  of  fatty  matters 
for  absorption. 

Such  external  sources  of  sugar,  are  all  that  were  know^n 
previous  to  Bernard's  time.  Now,  after  an  attentive  ex- 
amination of  the  circumstances  connected  with  diabetes, 
Bernard  was  led  to  think  that  there  might  be  something 
besides  amylaceous  matter — something  unknown  to  chemists 
and  physiologists,  that  might  give  rise  to  the  production  of 
sugar  in  the  body.  This,  he  particularly  inferred  from  the 
fact,  that  the  quantity  of  sugar  escaping  from  a  diabetic 
patient,  under  a  mixed  diet,  was  much  greater  than  could 
be  accounted  for  by  the  starch  and  sugar  ingested ;  and 
that,  although  saccharine  and  amylaceous  materials  might 
be  completely  abstained  from,  still  sugar  did  not  cease  to 
appear  in  the  urine.  Here  was  his  motive  for  undertak- 
ing an  investigation,  out  of  which  have  spmng  such  un- 
anticipated results. 

In  Bernard's  first  experiments,  animals  were  kept  upon 
a  diet  of  a  strongly  saccharine  character,  with  the  view  of 
ascertaining,  how  far  the  sugar  could  be  followed  in  the 
circulatory  system,  after  its  absorption  by  the  branches  of 
the  portal  vein.  Plis  results  led  him  to  the  conclusion 
that  it  might  be  detected  as  far  as  between  the  liver  and 
the  right  side  of  the  heart.    To  show  that  the  sugar  en- 
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countered  at  this  point,  was  directly  derived  from  the  food, 
a  coiinter-cxperinient — an  experiment  where  starch  and 
sugar  were  excluded  from  the  diet — was  made,  with  the 
expectation  of  obtaining  a  negative  result.  Instead  of 
this,  however,  to  Bernard's  great  astonishment,  sugar  was 
found  as  before ;  and  thus  was  laid  the  foundation  of  the 
theory  which  gave  to  the  Hver  a  glyco-genic  function.  It 
was  in  the  year  1848  that  the  discovery  of  this  function 
was  announced. 

Looking  at  Bernard's  celebrated  experiment  in  the  light 
that  it  has  hitherto  been  regarded,  nothing,  certainly,  would 
appear  to  be  wanting  to  establish  in  the  most  conclusive 
manner  the  existence  of  a  sugar-forming  function  in  the  liver. 
In  the  recently  kiUed  animal,  that  has  been  feeding  for  some 
time  past  on  a  purely  animal  diet,  and  therefore,  that  has 
been  receiving  no  sugar  into  its  system  from  an  external 
source,  the  blood  of  the  portal  vein,  or  that  on  its  way  to  the 
liver,  is  found  devoid  of  sugar ;  whilst  the  blood  of  the  he- 
patic veins,  or  that  flowing  from  the  liver,  is  highly  charged 
with  sugar.  The  liver  itself,  also,  unlike  any  other  organ  of 
the  body,  gives  signs  of  a  strongly  saccharine  impregnation. 
Such  evidence,  really  appears  in  unmistakable  language  to 
indicate  that,  for  a  destined  purpose,  sugar  is  formed  by  the 
liver,  and  carried  away  from  it  by  the  hepatic  blood.  And, 
from  the  extent  to  which  the  sugar  is  found,  it  might  be 
reasonably  inferred,  that  its  production  is  connected  with 
some  important  functional  operation  going  on  in  the  ani- 
mal economy.  Now,  the  evidence  certainly  estabhshes, 
beyond  all  question,  that  sugar  can  be  produced  in  the 
animal  system  without  being  derived  directly  from  the 
food ;  but  the  great  point  of  interest  in  physiology,  and 
likewise  as  regards  the  pathology  of  diabetes,  is,  whether 
this  production  is  really  taUng  place  during  life,  in  accord- 
ance with  the  inference  that  has  been  drawn  from  results, 
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wliich,  be  it  observed,  have  been  obtained  after  death. 
Does,  in  fact,  the  examination,  as  it  has  been  hitherto  con- 
ducted, afford  us  an  indication  of  the  physiological  state  ? 
or,  can  the  result  of  this  examination  be  only  taken  for 
what  it  is  really  worth — namely,  as  the  representation  of  a 
post-mortem  condition  ?  This  is  the  point  that  I  shall  have 
specially  to  touch  upon,  after  I  have  proceeded  a  little 
further,  and  brought  the  history  of  the  subject  up  to  the 
present  period. 

It  was  at  first  considered  that  the  sugar  found  in  the 
system  of  the  animal  feeder  was  formed  from  an  albumi- 
nous material.  Bernard's  next  step — and  an  important  one 
it  has  proved — was  to  discover  and  isolate  the  substance, 
which  is  the  source  of  animal  glucose.  In  September, 
1855,  he  communicated  to  the  Academy  of  Sciences  of 
Paris,  his  discovery,  that  the  formation  of  sugar  in  the  liver, 
might  be  shown  to  take  place  after  death.  A  stream  of 
water  was  passed  through  the  vessels  of  a  liver,  removed 
from  a  recently  killed  animal,  until  the  whole  of  the 
sugar  impregnating  its  tissue  was  washed  out,  and  it  gave 
no  reaction  with  the  copper  or  fermentation  tests.  The 
liver  was  placed  aside  and  examined  again  some  time 
afterwards,  when  a  strong  indication  of  the  presence  of 
sugar  was  obtained.  All  consideration  about  the  influence 
of  any  special  vital  process  was  here  necessarily  out  of 
the^question,  and  the  production  of  sugar  resolved  itself, 
into  the  result  of  a  simple  chemical  action. 

The  source  of  the  sugar  still  remained  to  be  disclosed ; 
but  it  was  evident,  that  it  must  consist  of  something  ex- 
isting in  the  liver,  not  so  easily  taken  up  by  water  as  sugar 
itself,  otherwise,  it  would  have  escaped  from  the  organ  with 
the  latter.  In  1857  the  isolation  of  the  sugar-forming  ma- 
terial was  announced,  and  as  sugar-formation  was  supposed 
by  Bernard,  to  constitute  its  physiological  destination,  it 


26 


THE  PHYSIOLOGICAL  RELATIONS  OP  SUGAR. 


was  called  by  him,  the  Glyco-genic  Matter  of  the  liver.  The 
glyco-genic  theory  was  considered  to  remain  unaltered  by 
this  discovery,  except  in  so  far,  as  it  was  rendered  more 
complete,  by  the  detection  of  a  recognisable  source  for  the 
animal  glucose. 

My  own  researches,  of  which  I  shall  have  presently  to 
speak,  have  led  me  to  look  upon  the  term  glyco-genic  as 
objectionable,  if  applied  to  this  newly  discovered  substance 
upon  physiological  grounds.    It  is  true,  that,  after  death, 
and  under  certain  lumatural  conditions,  it  is  a  sugar-form- 
ing substance ;  but,  under  natural  circumstances,  it  does  not 
seem  intended  for  the  production  of  sugar.    Amyloid  sub- 
stance, is  a  name  that  has  been  given  to  it  by  some,  on 
account  of  its  alliauce  in  chemical  behaviour  to  starch. 
The  term  hepatine,  was  also,  formerly,  employed  by  myself 
to  represent  it,  and  was  simply  derived  from  its  connection 
with  the  liver.    In  deference  to  a  suggestion,  however,  on 
the  recent  publication  of  a  communication  in  the  '  Philoso- 
phical Transactions,'  I  avoided  the  multiplication  of  terms 
and  used  that  of  "  amyloid  substance."    This,  for  the  sake 
of  consistency,  I  shall  now  continue  to  use,  until  our  know- 
ledge of  the  physiological  relations  of  the  body  is  more 
perfect,  so  that,  it  may  be  named  upon  scientific  principles. 
Until  then,  it  appears  to  me  necessary  only,  that  its  pro- 
visional name  should  certainly  be  one,  which  is  not  exposed 
to  the  chance  of  leading  to  error,  by  implying  a  purpoje,  I 
have  good  reason  to  believe,  it  is  not  naturally  specially  in- 
tended for ;  such  as  would  be  the  case  with  the  word  glyco- 
genic. 

The  situation  of  the  amyloid  substance  in  the  liver,  is 
in  the  hepatic  cells — at  least,  such  a  conclusion  is  to  be 
inferred,  from  what  is  learnt  by  a  micro-chemical  examina- 
tion of  the  structure  of  the  organ.  As  it  is  not  present  after 
death  from  disease,  but  is  always  present  under  healthy 
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circuiiistaiices,  its  production  may  be  supposed  to  result, 
from  tlie  exercise  of  a  specific  functional  activity  of  the 
liver. 

In  its  chemical  properties  amyloid  substance  is  allied  to 
starch,  but  even  more  closely  so  to  dextrine.    When  pure, 
it  is  a  neutral,  colourless,  tasteless,  and  inodorous  body, 
never  presenting  any  other,  than  an  amorphous  granular 
appearance  under  the  microscope.    It  is  largely  soluble, 
although  not  with  rapidity,  in  water;   and  its  aqueous 
solution  presents  an  opaquely  lactescent  character.    It  is 
curious,  that  in  the  form  of  a  highly  concentrated  solution  it 
is  transparent,  the  lactescence  appearing  only  on  dilution. 
It  is  insoluble  in  alcohol  and  glacial  acetic  acid,  by  which 
agents,  it  may  be  thrown  down  from  its  aqueous  solution. 
It  is  unaffected  at  a  boiling  heat  by  caustic  potash.    It  is 
devoid  of  nitrogen,  and  is  composed  of  C12  H12  Oig.  With 
iodine,  its  behaviour  is  like  dextrine,  producing  a  deep 
wine- red  coloration.    Its  most  important  property,  is  its 
susceptibility  of  transformation  into  sugar.    It  does  not 
itself  react  with  the  cupro-potassic  or  fermentation  tests ; 
but,  after  being  boiled  for  a  short  time  with  a  mineral 
acid ;  or,  after  contact  with  many  animal  products,  as 
saliva,  pancreatic  juice,  blood,  liver-tissue,  &c.,  at  a  moder- 
ately elevated  temperature,  the  characteristic  reactions  of 
glucose  are  discoverable. 

Por  studying  the  relations  of  the  amyloid  substance,  it 
may  easily  be  procured  by  the  following  process.  A  piece 
of  liver,  from  a  recently  killed  healthy  animal,  is  to  be 
plunged  for  a  few  minutes  into  boiling  water,  for  the  purpose 
of  suddenly  checking  any  further  loss  of  material  from 
transformation  into  sugar.  The  hardened  liver  is  then 
pounded  in  a  mortar,  mixed  with  a  fairish  quantity  of 
water  and  boiled,  so  as  to  make  a  decoction.  This  de- 
coction^  after  being  strained  or  filtered,  is  to  be  poured  into 
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five  or  six  times  its  bulk  of  alcohol.  The  precipitate  con- 
sists of  the  amyloid  substance.  It  has  now,  only  to  be 
collected  on  a  filter,  and  washed  with  alcohol  and  dried. 

The  amyloid  substance,  obtained  as  above,  is  free  from 
sugar,  and  contaminated  only  to  a  slight  extent  with  other 
impurities.  I  have  found  it  may  be  obtained  on  a  large 
scale  and  much  more  economically,  although  not  quite  in 
such  a  state  of  purity,  by  passing  a  stream  of  water  through 
the  vessels  of  a  recently  removed  liver  to  wash  away  the 
sugar  that  has  been  formed  in  it,  then,  making  a  decoction 
of  it,  and,  after  straining,  evaporating  the  decoction  gradu- 
ally down  and  collecting  the  scum  which  forms  layer  after 
layer  on  the  surface.  This  scum  consists  of  amyloid  sub- 
stance, and  is  tolerably  pure,  when  it  has  been  drained  as 
much  as  possible  of  the  fluid  in  contact  with  it.  As  thus 
prepared,  it  is  of  a  soft  and  pulpy  or  glutinous  consis- 
tence, of  a  sticky  nature,  and  of  a  somewhat  pale-yellowish 
colour.  Spread  out  and  allowed  to  dry  spontaneously,  it 
forms  a  semitransparent,  hard,  brittle,  and  gum-like  or 
resinous-looking  body. 

To  render  amyloid  substance  chemically  pure,  it  should 
be  dissolved  and  boiled  in  a  solution  of  potash.  It  is,  then, 
reprecipitated  with  alcohol  and  washed,  by  which  it  is  freed 
from  all  adhering  foreign  organic  matter.  But,  it  is  now 
found  to  cling  to  the  alkali  used,  with  such  tenacity,  that 
this  cannot  all  be  removed  by  washing.  It  is,  therefore, 
necessary  to  dissolve  again  in  water  and  neutralize  with 
acetic  acid.  The  acetate  formed,  and  the  excess  of  acetic 
acid  used,  are  easily  separated  by  a  farther  employment  of 
alcohol  in  a  similar  manner  as  before. 

In  making  the  quantitative  determinations  of  amyloid 
substance  in  the  liver,  that  presently  follow,  I  availed  myself 
of  its  properties,  of  resisting  the  action  of  a  boiling  solution 
of  potash,  and  of  being  precipitated  by  spirit.    A  piece  of 
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liver  (about  200  grains)  was  weighed  and  pounded  in  a 
mortar  with  about  two  thirds  of  its  weight  of  solid  caustic 
potash.  A  little  water  being  added  the  whole  was  care- 
fully collected  and  transferred  to  a  small  porcelain  capsule 
and  boiled  for  several  minutes,  until  all  was  completely 
dissolved.  The  Hquid  was  then  poured  into  about  six  times 
its  volume  of  spirit,  by  which  the  amyloid  substance  was 
thrown  down  as  a  white  flocculent  precipitate.  The  pre- 
cipitate after  being  well  washed  with  spirit  was  dried  and 
weighed. 

From  a  most  extensive  employment  of  this  process,  I 
have  found  it  easy  of  application  and  susceptible  of  a  con- 
siderable degree  of  minuteness  as  to  accuracy.  The  pre- 
cipitate does  not  consist  quite  wholly  of  amyloid  substance, 
but  the  amount  of  other  matter  present,  when  the  analysis 
is  properly  conducted,  is  so  small  that  it  may  be  fearlessly 
left  out  of  consideration,  as  far  as  our  physiological  re- 
searches are  concerned. 

I  regard  it  as  a  most  interesting  and  significant  feature 
in  connection  with  the  history  of  the  amyloid  substance, 
that  it  can  be  shown  to  be  directly  produced  in  the  liver  as 
a  result  of  the  ingestion  of  sugar  and  its  ally  starch.  Whilst 
prosecuting  my  researches  upon  the  relations  of  sugar  in  the 
animal  system,  I  found,  that  the  size  of  the  liver  was  to  a 
most  striking  extent  influenced  by  the  nature  of  the  diet ; 
and,  that  the  alteration  thus  induced  was  chiefly,  if  not  en- 
tirely, due  to  the  amount  of  amyloid  substance  that  was 
present.  I  was  first  conducted  to  the  discovery  of  these 
facts,  when,  in  my  early  experiments,  I  was  seeking  to  de- 
termine if  the  quantity  of  sugar  found  in  the  liver  and 
blood  of  the  dog  after  death  was  altered  from  its  ordinary 
amount  by  the  previous  administration  of  a  strictly  vege- 
table diet.  The  process  I  then  adopted  for  examining  the 
liver  was  to  remove  and  weigh  it,  and  then  to  pass  a  stream 
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of  water  through  its  vessels,  until  its  tissue  was  completely 
deprived  of  sugar.  After  a  vegetable  diet,  I  noticed,  first, 
that  the  Hver  was  of  enormous  size,  in  comparison  with 
what  I  had  been  accustomed  to  meet  with  under  an  animal 
diet ;  and  secondly,  that  there  was  a  remarkable  quantity 
of  a  material  present,  which  much  interfered  with  my 
analysis,  and  which  I  subsequently  found  to  be  amyloid 
substance. 

From  the  series  of  observations  to  be  given,  it  would 
appear,  that  the  liver  of  the  dog  may,  in  a  short  space  of 
tune,  be  doubled  in  weight,  by  a  vegetable  diet,  and  nearly 
so,  by  an  anmial  diet  with  a  considerable  admixture  of 
sugar.  As  a  strictly  animal  feeder,  the  hver  of  the  dog, 
from  an  average  of  eleven  examples,  nearly  equalled  half  an 
ounce  to  every  pound  the  animal  weighed.  Under  a  strictly 
vegetable  diet,  the  average  proportion  given  by  five  exam- 
ples, exceeded  an  ounce  to  a  pound ;  whilst,  upon  an  animal 
diet  with  an  admixture  of  sugar,  the  figures  resulting  from 
four  observations  indicated,  within  a  fraction,  the  proportion 
of  an  ounce  to  the  pound.  The  estimation  of  the  amount 
of  amyloid  substance  present,  that  was  made  in  most  of  the 
examples,  shows,  in  how  striking  a  degree,  the  extent  of 
production  of  this  material  is  influenced  by  the  nature  of 
the  food. 

In  all  the  observations  that  follow,  the  life  of  the  animal 
was  suddenly  destroyed,  its  body  then  opened,  and  the 
hver  removed.  The  hver  thus  circumstanced,  immediately 
drained  itself,  by  the  contraction  of  its  vessels,  of  the  prin- 
cipal portion  of  its  blood ;  whereby  was  avoided,  those  dif- 
ferences as  regai'ds  degree  of  congestion,  which  are  observ- 
able in  the  human  subject,  where  the  examination  is  not 
made  until  some  hours  after  death. 

The  observations  are  given  without  a  single  exception, 
just  as  they  presented  themselves  under  their  separate 
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heads ;  ai)d  further,  the  aiiinials  were  taken^  as  they  hap- 
pened to  be  brought  to  me,  without  any  selection,  except 
such  as  was  needed  for  the  vegetable  and  saccharine  diets, 
many  dogs  refusing  to  partake  of  such  kind  of  food.  It 
will  be  understood,  that  they  were  all,  as  far  as  could  be 
judged,  in  a  perfect  state  of  health  at  the  time  of  being 
killed.  The  weights  are  of  the  avoirdupois  scale.  The 
dogs  were  weighed  just  before  death,  and  the  weight  of 
the  liver  is  without  the  contents  of  the  gall-bladder.  In 
most  of  the  instances,  life  was  destroyed,  a  few  hours  after 
the  administration  of  food. 


The  Liver  of  the  Dog  under  a  Diet  of  Animal  Food. 

The  allowance  of  food  for  these  dogs,  with  the  exceptions 
to  be  mentioned,  was  one  of  the  ordinary  penny  bundles 
of  tripe  per  diem.  In  examples  Nos.  7  and  8  an  extra 
allowance  was  purposely  given,  to  ascertain  if  any  material 
variation  in  the  result  would  be  occasioned.  No.  7  con- 
sumed two  bundles  of  tripe  daily  for  four  days  prior  to  its 
death.  No.  8  was  allowed  its  full  tether,  and  the  quantity 
of  tripe  it  devoured  was  truly  enormous ;  three  bundles 
one  day,  four  another,  five  the  third,  and  two  and  a  half 
the  day  it  was  killed.  As  will  be  observed,  the  figures 
yielded,  do  not  dislose,  any  significant  deviation  from  the 
average  results. 
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Weight  of  dog. 

AbsoluCe  weight 
of  liver. 

oz. 

Kelative  weight 
of  liver  to 
animal. 

lbs. 

oz. 

No.  1  . 

.  .  .  15 

8 

7| 

1  to  32 

No.   2  . 

.  .  .  12 

0 

n 

1  to  26J 

No.   3  . 

.  .  .  11 

14J 

1  to  31 

No.   4  . 

.  .  .  15 

10 

7f 

1  to  32 

No.   5  . 

,  .  .  11 

0 

6J 

1  to  29 

No.   6  . 

.  .  .  11 

15i 

6i 

1  to  29i 

No.  7  . 

.  .  .  15 

5i 

O4 

1  to  28 

i\  0.  O 

.  .  .  24 

113 
11$ 

No.   9  . 

.  .  .  14 

7i 

•  8 

1  to  32 

No.  10  . 

.  .  .  17 

0 

81 

1  to  30^ 

No.  11  . 

.  .  .  9 

8 

7i 

1  to  21 

Total    .  . 

.  .  158 

m 

85i 

1  to  30 

The  average  of  these  eleven  examples  of  dogs,  restricted 
for  some  days  prior  to  death  to  an  animal  diet,  thus 
gives  to  the  liver  a  weight  equal  to  the  g'^th  part  of  that 
of  the  animal.  Stating  it  in  other  words,  there  is  very 
nearly  half  an  ounce  of  liver  for  every  pound  the  animal 
weighs. 

On  casting  the  eye  through  the  hst,  it  will  be  seen,  that 
in  neither  instance,  is  there  any  very  striking  departure 
from  the  average,  except  perhaps  in  No.  11,  which  con- 
sisted of  a  three-parts  grown  pup.  But  even  here,  where 
the  highest  proportion  I  obtained  was  yielded,  the  relative 
weight,  as  will  be  presently  apparent,  falls  very  far  short 
of  what  was  found,  after  a  vegetable  diet,  and  also,  after  an 
animal  diet  with  the  addition  of  sugar. 

Looking  to  the  amount  of  amyloid  substance  present  in 
these  livers,  my  analyses  have  yielded  the  following  results  : 
—In  seven  out  of  the  eleven  examples,  examinations  were 
made  under  precisely  similar  circumstances.  The  liver  was 
removed  and  weighed  immediately  after  death,  and  a  piece 
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at  once  taken  for  analysis,  so  as  to  avoid,  more  loss  than 
was  possible,  h'om  posi-morf em  transformation  into  sugar. 

Amou?it  of  Amyloid  Substance  in  the  Liver,  yielded  by  the 
foregoing  examples  v/pon  a  Diet  of  Animal  Food. 


per  cent. 

Example  No.   3  8-29 

Example  No.  4  5*24 

ExaaipleNo.   7  5-61 

Example  No.    8  8 '4  5 

Example  No.    9  4-88 

Example  No.  10   10  95 

Example  No.  11  6  94 


Average  amount  of  amyloid  substance  yielded  by  the  above 
seven  analyses,  7*19  per  cent. 

The  excluded  examples  are  thus  accounted  for.  In  ex- 
ample No.  1  no  analysis  was  made.  In  No.  2  the  liver 
was  left  in  the  animal  for  2^-  hours  before  it  was  examined. 
It  then  yielded  3  37  per  cent,  of  amyloid  substance.  In 
No.  5  the  liver  was  left  in  the  animal  for  ten  minutes  and 
then  removed,  but  not  examined  for  the  space  of  two  hours. 
It  then  yielded  3' 51  per  cent,  of  amyloid  substance.  In 
No.  6  an  error  occurred  in  conducting  the  analysis,  which 
rendered  it  useless. 

The  Liver  of  the  Dog  under  a  Diet  of  Vegetable 

EooD. 

To  ascertain  the  effect  of  a  vegetable  diet  on  the  liver,  I 
submitted  five  dogs  to  a  course  of  food  for  several  days 
previous  to  death,  consisting  of  barley-meal  and  potatoes, 
or,  where  this  was  refused,  to  bread  and  potatoes.  The 
following  are  the  results  that  were  obtained 
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Weiglit  of  dog. 

11)3  07 

17  8 

Absolute  weight 
of  liver, 
oz. 

19i 

Relative  weight  of 
liver  to  animal. 

I  to  14i 

11  8 

12i 

1  to  14i 

15  8 

Hi 

1  to  21 

18  10 

28 

1  to  lOJ 

17  5 

12i 

1  to  22i 

80  7 

83| 

1  to  15 

No.  12 
No.  18 
No.  14 
No.  15 
No.  16 

Total 


Taking  the  average  of  these  five  instances  as  a  sample 
of  the  effect  of  a  vegetable  diet  on  the  liver  of  the  dog,  it 
appears  that  the  organ  rather  more  than  equals  in  ounces 
the  number  of  pounds  the  animal  weighs.  It  will  be 
remembered  that,  after  an  animal  diet,  the  average  given 
was  rather  under  the  half  ounce  to  the  pound.  The  facts 
as  to  the  amount  of  amyloid  substance  stand  thus : — 

No  analyses  were  made  of  the  livers  of  the  dogs  Nos.  12 
and  13,  but  the  quantity  of  amyloid  substance  was  un- 
usually large.  It  was  whilst  examining  these  livers  for  the 
determination  of  sugar  that  I  was  first  led  to  notice  the 
eff'ect  of  a  vegetable  diet  that  I  am  now  describing. 


Amount  of  Amyloid  Suhstance  in  the  Liver ^  yielded  hy  tJie 
foregoing  examples  upon  a  Diet  of  Vegetable  Food. 

per  cent. 

Example  No.  14      .       .       .  9-87* 
Example  No.  15      .       .       .  25-30 
Example  No.  16      .       .       .  16-50 

Average  amount  of  amyloid  substance  yielded  by  the  above 
three  analyses  17*23  per  cent. 

*  Tliis  liver  was  not  examined  till  an  liour  and  a  half  after  death. 
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The  Liver  of  the  Dog  under  a  Diet  of  Animal 
Food,  with  an  Admixture  of  Sugar, 

The  effect  of  giving  an  admixture  of  sugar  with  animal 
food  is  similar  to  that  produced  by  a  vegetable  diet.  The 
sugar  employed  in  my  experiments  was  the  brown  or 
moist  sugar  that  is  used  for  domestic  purposes.  Various 
devices  had  to  be  resorted  to,  to  get  the  animal  to  take  it. 
The  plan  I  found  to  succeed  the  best  was  to  introduce  it 
into  short  lengths  of  the  intestinal  tube  forming  part  of  the 
bundle  of  tripe.  I  will  give  the  leading  particulars  belong- 
ing to  each  of  the  four  dogs  that  formed  the  subjects  of 
experiment  in  this  way. 

No.  17.  A  nearly  full-grown  mongrel  dog,  kept  for  eight 
days  on  a  diet  consisting  of  sugar  and  a  bundle  of  tripe 
per  diem.  At  first,  one-third  of  a  pound  of  sugar  was  ad- 
ministered daily,  but  after  three  or  four  days,  the  animal 
showed  a  disinclination  for  food,  vomited,  and  had  bilious 
diarrhoia.  The  quantity  of  sugar  was  reduced  to  a  quarter 
of  a  pound  daily.  The  dog  now  devoured  voraciously  all 
that  was  given  to  it.  The  urine  collected  from  the  bladder 
after  death  gave  a  strong  reaction  of  sugar  (grape-sugar). 

No.  18.  A  youngish  dog,  fed  for  nine  days  on  a  bundle 
of  tripe  and  a  quarter  of  a  pound  of  sugar  daily.  It  con- 
sumed its  food  well  at  first,  but  during  the  last  few  days 
a  great  amount  of  coaxing  was  required  to  get  it  to  take 
its  full  allowance.  There  was  scarcely  any  urine  to  be 
procured  from  the  bladder  after  death ;  what  there  was, 
gave  no  saccharine  reaction. 

No.  19.  A  middle-aged  dog,  kept  for  eight  days  on  a 
bundle  of  tripe  and  a  quarter  of  a  pound  of  sugar  daily. 
The  urine  at  death  gave  a  slight  but  decided  reaction  of 
sugar. 
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No.  20.  A  dog  not  quite  full  grown.  Ecd  for  five  days 
on  the  same  diet  as  the  preceding  dog.  The  urine  collected 
after  death  gave  a  strong  reaction  of  sugar. 

The  following  are  the  results  of  the  examination  made  in 
these  cases : — 

Weiglit  of  dog,   Absolute  weight   Eelative  weight  of 
of  liver.  liver  to  animal, 

lbs.      oz.  oz. 

Example  No.  17    .    .    10    3        12       1  to  13| 
Example  No.  18    .    .    II  14        12|     1  to  14^ 
Example  No.  19    .    .    17  11        10|      1  to  25 
Example  No.  20    .    .    12    0        13^      1  to  14 


Total   51  12        49       1  to  16J 

The  average  yielded  by  these  four  dogs,  thus  gives  a 
relative  weight  of  liver,  bearing  a  close  approximation  to 
that  obtained  after  a  diet  of  vegetable  food;  in  the  one 
case  being  as  1  to  16  J,  in  the  other  as  1  to  15.  The  amount 
of  amyloid  substance  in  each  example  was  large,  as  is 
shown  by  the  following  results  of  analysis  : — 


Amount  of  Amyloid  Substance  in  tie  Liver  yielded  by  the  fore- 
yoiny  examples  upon  a  Diet  of  Animal  Food  and  Sugar. 

per  cent. 

Example  No.  17  .  .  •  12-80 
Example  No.  18  .  .  •  17*55 
Example  No.  19  .  .  •  12'33 
Example  No.  20       .       .       -  15-37 

Average  amount  of  amyloid  substance  yielded  by  the  above 
four  analyses  14*5  per  cent. 

Besides  these  above-mentioned  effects  upon  the  liver 
which  resulted  from  the  admixture  of  sugar  with  ani- 
mal food,  the  organ,  likewise  presented  an  alteration  m 
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its  pliysical  appearance.  Under  a  piu'ely  animal  diet,  it  was 
comparatively  firm  and  fleshy,  requiring  considerable  force 
to  break  it  down  between  the  fingers.  Under  the  animal 
diet  with  sugar,  it  became  exceedingly  soft,  and  was  readily 
crushed  by  a  very  slight  pressure.  It  looked  swollen  and 
flabby  and  was  pale  in  colour.  The  bile  I  noticed,  too, 
was  of  a  much  paler  yellow  than  after  a  strictly  animal 
diet. 

There  was  another  fact,  that,  in  each  case,  I  was  struck 
with,  on  making  the  examination  after  the  diet  of  sugar  and 
animal  food.  Peyer's  patches  and  the  solitary  glands  of 
the  intestine,  especially  those  of  the  caecum,  presented  a 
prominence  and  an  appearance  of  vascularity  that  conspi- 
cuously excited  my  attention. 

In  three  out  of  the  four  examples,  as  mentioned  in  the 
particulars,  the  allowance  of  sugar  that  was  given,  com- 
municated to  the  urine  a  saccharine  quality.  It  is  worthy 
of  note,  that,  although  cane-sugar  was  ingested,  it  was 
grape-sugar  that  was  detected  in  the  urine. 

The  conclusion  to  be  drawn  from  the  observations  I  have 
made  upon  the  rabbit  in  reference  to  the  state  of  its  liver 
is,  that  the  better  the  condition  of  the  animal,  the  larger  is 
the  quantity  of  amyloid  substance  that  the  organ  contains. 
The  condition  in  which  most  of  the  London  rabbits  are  sold 
is  not  one  from  which,  there  is  reason  to  conclude,  a  fair  esti- 
mate can  be  made  of  the  relative  size  of  the  liver  and  propor- 
tion of  amyloid  substance  belonging  to  the  perfectly^  healthy 
and  vigorous  state;  for,  according  to  my  experience,  it  is  quite 
the  exception  on  opening  the  abdomen,  not  to  meet  with  a 
liver,  more  or  less  pervaded  with  entozoa.  Subjoined,  how- 
ever, are  the  results  of  four  examinations,  the  rabbits  having 
been  kept  upon  their  usual  food,  and  having  presented 
about  an  ordinary  appearance  as  regards  health  and  con- 
dition : — 
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No.  1 

Weifd 
riibl 
lbs. 

5 

lit  of 
lit. 

07.. 

3 

Absolute  weight 
of  liver, 
oz. 

Q3 

Rcliitive  weifjht  of 
liver  to  aniiiiul. 

1  to  24 

Amount  of 
amyloid  substance, 
per  cent. 

.  7-5 

No.  2 

3 

15 

95 

1  to  24 

.  6-69 

No.  3 

7 

8 

1  to  33 

.  316 

No.  4 

5 

11 

•  S\ 

1  to  28 

.  12-59 

When  looking  at  the  relative  weight  of  the  liver  in  the 
rabbit;  it  must  not  be  left  out  of  consideration,  how  large  a 
quantity  of  perfectly  extraneous  matter  is  estimated  with 
the  weight  of  the  animal.  The  intestinal  canal  is  exceed- 
ingly long,  and  the  contents,  especially  of  the  stomach  and 
the  very  large  caecum,  exceedingly  bulky.  The  stomach 
and  intestine,  in  fact,  with  their  contents,  in  two  instances 
that  I  specially  examined,  were  found  to  equal  the  l-5th  and 
the  l-5jth  part  of  the  Aveight  of  the  body.  In  the  dog, 
the  proportion  is  very  much  less.  In  one  dog  that  had 
been  kept  on  a  vegetable  diet,  the  alimentary  canal  and  its 
contents  formed  about  the  l-8th  part  of  the  weight  of 
the  animal ;  whilst,  in  another  that  had  been  well  fed  on  an 
animal  diet,  the  proportion  was  only  the  1-1 0th. 

I  have  conducted  experiments  on  rabbits,  in  which,  instead 
of  allowing  them  their  ordinary  food,  I  have  kept  them  for 
a  few  days  on  a  mixture  of  starch  and  sugar  only.  Other 
rabbits  were  kept  fasting  for  the  sake  of  having  a  compa- 
rison. In  these  experiments,  the  effect  produced  on  the 
liver  by  the  administration  of  the  starch  and  sugar  is  strik- 
ingly corroborative  of  the  results  obtained  upon  the  dog, 
under  the  influence  of  different  diets. 

In  one  experiment,  a  couple  of  full-grown  rabbits  were 
taken  as  nearly  as  possible  resembling  each  other.  One  was 
kept  fasting,  whilst  the  other  was  fed  daily  for  three  days, 
through  a  tube  passed  down  the  oesophagus  into  the  stomach, 
with  one  ounce  of  starch  and  three-quarters  of  an  ounce  of 
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grape-sugar  made  into  a  semifluid  mass  with  water.  On 
the  fourth  day  both  animals  were  killed. 


Weight  of  Weight  of  Amount  of 

ammal.  liver.  amyloid  su))stauce. 


lbs.    oz.  oz.  percent 

Kabbit  fasting       3    1  If  1"3 

Rabbit  on  starch  I  g    ^  2i  .  15'4. 

and  grape-sugar  ) 

Another  experiment  was  made  on  two  half-grown  rabbits, 
likewise  as  nearly  as  possible  resembling  each  other.  One 
was  made  to  fast,  whilst  the  other  was  fed  on  an  ounce  of 
starch  and  the  same  quantity  of  cane-sugar  daily  for  three 
days.    On  the  fourth  day  the  examination  was  made. 

Weight  of  Weight  of  Aniount  of 

animal.  liver.  amyloid  substance, 

lbs.     oz.  oz.  percent. 

Rabbit  fasting       1  14  1  1'4 

Rabbit  on  starch  )  ]^  ^43  2^  16" 9 

and  cane-sugar    )  ^ 


I  have  a  record  of  a  third  experiment,  but  in  this,  the 
amount  of  amyloid  substance  was  all  that  was  determined. 
The  rabbit  was  allowed  to  take  its  ordinary  food,  and  in 
addition,  three-quarters  of  an  ounce  of  loaf-sugar  and  half 
an  ounce  of  starch  were  administered  daily  for  three  days. 
The  animal  was  killed  on  the  fourth  day.  The  liver  was 
not  analysed  until  the  day  after  death,  but  it  then  yielded 
22-7  per  cent,  of  amyloid  substance. 

After  the  administration  of  sugar,  as  in  the  above  ex- 
periments, the  liver  is  altered  in  its  physical  appearance, 
like  what  has  already  been  observed  in  the  case  of  the 
dog.  It  becomes  of  a  very  pale  colour,  and  so  soft  that  it 
is  readily  broken  down  by  slight  pressure  between  the 
fingers.    I  have  seen  it,  indeed,  so  softened  as  to  be  almost 
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pulpy,  scarcely  holding  together  when  taken  up  by  a  pair 
of  forceps. 

All  these  results,  both  upon  the  rabbit  and  the  dog,  are 
so  striking  and  so  corroborative  of  each  other,  that  it  seems 
to  me,  nothing  further  can  be  required,  to  prove  that  the 
sugars  and  starch  are  made  use  of  by  the  liver  for  the  pro- 
duction of  amyloid  substance.  The  marked  variation 
observed  in  the  size  and  constitution  of  the  liver  under 
different  diets,  is  certainly  a  point  of  much  physiological 
interest,  and  possibly  may  ultimately  be  found  to  present  an 
important  bearing  in  connection  with  medical  practice. 

The  fact  that  the  amyloid  substance  should  be  formed  in 
the  liver  from  sugar  does  not  of  course,  taken  alone,  afford 
an  actual  proof  of  anything  against  the  glyco-genic  theory ; 
but,  upon  a  jjrio^i  grounds,  that  the  amyloid  substance 
should  be  intended  to  come  back  again  into  sugar,  cer- 
tainly seems,  to  say  the  least,  improbable.  Such  a  process 
as  the  conversion  of  sugar  into  amyloid  substance,  and  amy- 
loid substance  back  again  into  sugar,  I  think  will  be  ad- 
mitted, certainly  does  not  accord  with  what  might  be  ex- 
pected, from  the  notions  we  have  a  right  to  entertain  of  the 
manner  in  which  the  operations  of  Nature  are  conducted. 
But  there  is  another,  and  a  more  significant  aspect  under 
which  this  question  presents  itself,  and  this  I  shall  now 
proceed  to  examine. 

Although  the  glyco-genic  theory  of  Bernard  has  been 
so  universally  admitted,  still  it  has  had  its  adversaries  ;  but 
nothing,  that  I  am  aware  of,  has  been  brought  forward  rest- 
ing upon  grounds  at  all  approaching  in  character  those  I  have 
been  gradually  led  from  experimental  research  to  advance. 

M.  Schmidt,  in  1849,^without  being  aware  of  Bernard's 
discoveries,  compared  the  sugar  found  in  the  blood  to  urea, 
and  thought  it  took  origin  in  all  parts  of  the  circulatory 
system,  without  any  special  organ  to  form  it. 
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M.  Figuier  has  contended,  that  there  is  no  sugar  in  animals 
unless  introduced  from  without  through  a  saccharine  or  amy- 
laceous alimentation.  In  the  case  of  the  carnivora,  he  says, 
the  flesh  coming  from  the  vegetable  feeder  contams  sugar. 
Again,  he  considers  that  sugar,  instead  of  being  formed  by 
the  Hver,  is  merely  stored  up  by  this  organ,  being  carried 
to  it  in  the  portal  blood.  The  reason  he  gives  for  no  sugar 
being  detected  in  the  portal  blood  is,  that  some  unknown 
matter  exists  there,  which  masks  its  presence.  Such  state- 
ments as  these  were  soon  conclusively  shown  by  Bernard  to  be 
contrary  to  the  results  of  direct  observation ;  and,  the  attack 
of  M.  Figuier,  by  the  unstabihty  of  its  foundation,  ended, 
in  stregthening  rather  than  otherwise  the  position  of  the 
glyco-genic  theory. 

More  recently,  M.  Sanson  has  followed  in  much  the  same 
direction  as  that  taken  by  M.  Figuier.  He  considers  there 
is  only  one  source  for  the  sugar  met  with  in  the  animal 
economy,  and  that  this  one  source  is  exterior  to  the  body ; 
that  the  glycogene,  or  sugar-forming  substance  of  Bernard, 
is  nothing  but  dextrine,  which,  he  says,  does  not  belong 
specially  to  the  liver,  but  is  found  in  the  blood  and  the  va- 
rious textures  of  the  body ;  that  the  liver  is  not  an  organ 
for  producing  the  glycogene,  but  simply  for  abstracting  it 
from  the  blood,  and  transforming  it  into  sugar  with  greater 
activity  than  is  elsewhere  effected.  Bernard's  experiments, 
he  considers,  prove  only  that  sugar  is  absent  in  the  blood 
going  to  the  liver,  and  present  in  that  coming  from  it ;  and 
not,  that  the  change  of  glycogene  into  sugar  is  the  result 
of  a  process  of  secretion.  He  looks  upon  it  as  a  simple 
chemical  change,  because  it  also  takes  place  after  death. 

These  views  of  M.  Sanson  have  not  been  sustained  by 
other  observers.  In  the  experiments  bearing  on  his  state- 
ments, that  I  myself  have  conducted  upon  carnivorous 
animals ;  although,  I  have  found  that  a  small  quantity  of 
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a  substance,  wliicl,,  like  the  aniyloid  substance,  is  suscep- 
tible  of  transfoi-mation  into  sugar  under  the  influence  of 
sahva,  and  also  of  being  coloured  red  by  iodine,  can  be  ex- 
tracted  from  lung  and  muscular  tissue ;  yet  I  have  failed  in 
obtammg  it  from  either  the  blood,  spleen  or  kidney.  I  can- 
not agree,  therefore,  to  this  substance  having  the  extensive 
distribution  through  the  system,  represented  by  M.  Sanson  ; 
and,  certainly  after  a  large  experience  upon  the  examination 
of  blood  under  the  most  varied  circumstances,  I  have  never 
observed  it  become  more  saccharine  than  at  first,  on  being 
allowed  to  repose  after  removal. 

In  the  position  of  antagonism  to  the  glyco-genic  theory, 
that  my  researches  have  compelled  me  now  to  occupy,  I 
make  no  attack  upon  the  accuracy  of  Bernard's  experimental 
results.    I  fully  admit  that,  confining  our  attention  to  the 
investigations  on  the  subject,  as  they  have  been  hitherto 
conducted,  the  evidence  obtained,  certainly  appears  satis- 
factorily enough  to  establish  the  existence  of  a  glyco-genic 
function  in  connection  with  the  liver.    For  example,  an  ani- 
mal is  kept  for  some  time  on  food  devoid  of  sugar  or  sugar- 
forming  principles.    An  examination  after  death  shows  that 
a  considerable  quantity  of  sugar  is  to  be  found  in  the  blood 
escaping  from  the  liver  through  the  hepatic  veins,  whilst 
none,  or,  speakirig  more  precisely,  next  to  none,  is  to  be 
detected  in  the  blood  on  its  passage  to  the  organ  through 
the  portal  vein.    Further,  the  fiver  is  the  only  organ  of  the 
body  in  which  sugar  can  be  discovered,  and  here,  it  is  to 
be  recognised  to  a  decidedly  notable  extent.    Further  even 
yet,  the  sugar-forming  substance  is  to  be  readily  isolated 
from  the  liver,  and  the  process  of  sugar-formation  to  be 
satisfactorily  accounted  for. 

What,  then,  seemingly,  can  be  wanted  more  convincingly 
to  establish  the  function  of  glyco-genesis  ?  and  what  can 
possibly  be  said  against  a  theory  founded  on  facts  so  strik- 
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iiig  and  apparently  so  conclusive  ?  I  unhesitatingly  admit, 
that  my  experience  stands  in  confirmation  of  the  facts  as 
they  have  been  described  by  Bernard.  I  do  not,  as  I  have 
before  said,  for  one  moment,  impeach  the  accuracy  of  the 
results  that  have  been  mentioned.  The  question  that  I  have, 
step  by  step,  been  led  by  experimental  evidence  to  raise,  is, 
whether  these  results  have  received  their  just  interpretation  ? 
—whether  the  premises  upon  which  Bernard's  conclusions 
have  been  formed  are  not  fallacious  in  the  Kght  under  which 
they  have  hitherto  been  taken  ?  To  proceed  more  openly  to 
the  point,  the  position  of  the  matter  is  this  :  experiments  have 
been  performed,  and  results  obtained,  which  are  of  so  strik- 
ing and  decided  a  character  that  no  one  can  entertain  a 
doubt  of  their  vahdity .  But,  these  results  have  been  derived 
from  post-mortem  examinations,  and  taken  to  represent  the 
ante-mortem  state.  Now  it  happens,  as  can  be  shown  by  a 
diflPerent  mode  of  experimenting  to  what  has  previously  been 
adopted,  that  the  two  do  not  correspond ;  and  here  is  my 
ground  of  opposition  to  the  glyco-genic  theory.  A  physio- 
logical occurrence  has  been  inferred  from  a  condition  ob- 
served after  death,  and  the  inference  proves  to  be  fallacious. 

The  two  main  points  for  our  consideration  are  :  as  to  the 
escape  of  sugar  from  the  liver  by  the  blood,  and  as  to  the 
natural  state  of  the  liver  itself  during  life. 

Prom  the  old  method  of  procedure  in  experimenting,  it 
was  accepted  as  established,  that  the  blood  belonging  to 
that  part  of  the  circulation  intervening  between  the  liver  and 
lungs,  was  highly  charged  with  sugar  as  a  physiological 
condition  ;  whilst  that  belonging  to  the  arterial  system  had 
become  almost  completely  deprived  of  all  saccharine  prin- 
ciple. Now,  the  results  for  arriving  at  these  conclusions 
were  obtained  by  collecting  a  specimen  of  blood  from  an 
artery  of  a  living  animal ;  and  then,  after  the  sudden  de- 
struction of  life,  procuring  another  specimen  from  either 
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cavity  of  the  right  heart,  or  from  the  inferior  cava,  and  sub- 
mitting the  two  to  an  analytical  examination.  But,  unless 
certain  precautions  are  observed,  the  necessity  for  which  was 
not  formerly  known,  such  a  method  of  experimenting  must 
inevitably  lead  to  a  fallacious  physiological  induction.  The 
knowledge  required  is  of  the  state  belonging  to  life,  and  this 
we  fail  to  obtain  unless  we  operate  on  blood,  cardiac  as 
well  as  arterial,  that  has  been  collected  before,  or  at  the  very 
instant  of  death. 

It  was,  whilst  conducting  some  experiments  with  the  view 
of  ascertaining  the  nature  of  the  change  the  sugar  underwent 
m  its  supposed  destruction  on  its  passage  through  the  lungs, 
that  I  was  first  led  to  call  in  question  the  substantiality  of 
the  glyco-genic  theory.    I  was  endeavouring  to  determine  if 
the  supposed  destruction  would  occur,  on  injecting  recently 
abstracted  right-ventricular  blood  through  the  capillaries  of 
the  artificially  inflated  dead  lung.    During  February,  1854, 
my  inquiry  induced  me  to  withdraw  blood  by  a  catheter 
from  the  right  ventricle  of  the  living  animal,  to  perform,  so  to 
speak,  catherism  of  the  right  heart— an  operation  that  may 
easily  be  accomplished  without  creating  anyinjury  or  disturb- 
ance, by  passing  a  properly  curved  instrument  down  through 
the  right  jugular  vein  and  superior  cava  into  the  heart.  I 
was  astonished  to  find  that  the  blood  thus  removed  presented 
in  each  case  a  strikingly  difi'erent  behaviour  to  what  had 
hitherto  been  considered  as  naturally  belonging  to  it,  for  it 
was  scarcely  at  all  impregnated  with  saccharine  matter. 
This  observation  did  not  at  first  receive  from  me  the  im- 
portance that  was  due  to  it ;  but  in  June  of  the  same  year, 
according  to  my  note  book,  I  returned  to  the  subject,  and  in 
an  experiment,  again  observed,  that  a  specimen  of  blood 
removed  from  the  right  ventricle   during  life  contained 
scarcely  a  trace  of  sugar;  whilst,  after  the  subsequent  de- 
struction of  life,  the  blood  which  flowed  from  an  incision 
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into  the  right  heart  gave  an  indication  of  a  copious  sac- 
charine impregnation. 

Notwithstanding  that  such  results  appear  now  so  strik- 
ing, yet  I  did  not,  even  after  the  last  observation,  give  to 
them  their  proper  significance.  My  mind  was  so  strongly 
impressed  with  the  notion  that  the  glyco-genic  doctrine  was 
indisputably  established— so  strongly  impressed  with  the 
prevailing  conviction  that  sugar  was  extensively  formed  by 
the  liver  diuring  life  and  poiu-ed  into  the  circulation  through 
the  hepatic  veins,  that  I  was  for  some  time  disposed  to 
think  there  must  have  been  some  fallacy  in  my  experiment. 
I  felt  inclined,  indeed,  to  think  that  the  catheter  had  not  been 
fairly  introduced  into  the  heart,  or  had  come  in  contact 
with  the  current  of  blood  descending  through  the  superior 
cava,  rather  than  discredit  our  previous  views,  and  no 
•  longer  regard  the  strongly  saccharine  state  of  the  blood  met 
with  so  soon  after  death,  as  a  representation  of  its  natural 
or  ante-mortem  condition. 

Reflection,  however,  began  to  excite  mistrust,  and  the 
necessity  of  deciding  the  cause  of  my  results  then  presented 
itself  strongly  before  me.  Numerous  experiments  were  now 
performed  with  the  greatest  care,  from  which  I  thoroughly 
satisfied  myself  there  was  no  source  of  fallacy,  where  fallacy 
I  had  thought  might  exist ;  and  from  which,  also,  I  learnt 
in  the  most  unequivocal  language  that,  what  had  lately 
been  regarded  as  the  natural  state  of  the  blood  of  the  right 
side  of  the  heart,  was  not  in  reality  such.  Blood  collected 
from  the  heart  as  was  formerly  done,  does  not  behave  like 
the  blood  removed  during  life,  and,  therefore,  an  inference 
that  has  been  drawn  of  the  condition  of  the  one,  from  an 
examination  of  the  other  must  be  discarded  as  erroneous. 

I  feel  that  I  need  not  speak  upon  this  subject  with  the 
slightest  degree  of  hesitation.  Prom  the  large  number  of 
experiments  that  I  have  made,  I  think  I  may  assert  without 
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fear  of  subsequent  contradiction  that,  contrary  to  what  has 
been  recently  bdieved,  sugar  is  only  found  to  the  extent  of 
the  merest  trace— to  no  greater  an  extent  than  it  is  met  with 
m  the  arterial  system— in  the  blood  of  the  right  side  of  the 
heart  under  a  natural  or  ordinary  condition  during  life. 
The  reaction  wdth  the  copper  solution,  which,  it  must  be 
remembered,  is  an  exceedingly  sensitive  test,  is  sometimes  so 
slight  as  to  be  liable  to  be  overlooked  altogether,  unless 
special  attention  be  given  to  the  examination,  as  by  placing 
the  test-tube  aside  for  some  time,  to  allow  any  minute  float- 
ing particles  of  sub-oxide  to  subside. 

The  following  quantitative  determinations  conducted  upon 
blood  derived  from  the  dog  show  that,  although  there  may 
exist  but  a  trace  of  sugar  in  the  blood  during  life,  yet,  that 
sugar  may  be  found  to  a  notable  extent  in  the  blood  derived 
from  an  ordinarily  conducted  examination  of  the  same 
animal  after  death.    We  have  here  a  proof  of  the  difference 
I  have  insisted  upon,  between  the  blood  belonging  naturally 
to  life,  and  that  removed  ordinarily  after  death — a  differ- 
ence, as  far  as  I  am  aware,  that  has  never  been  alluded  to 
by  others.     Looking  to  the  column  showing  the  results  of 
analysis  of  the  blood  removed  after  deatli,  it  will  be  ob- 
served that  in  the  five  instances,  the  proportion  of  sugar 
varied  from  half  a  grain  to  nearly  one  grain  per  cent. ;  there 
having  been  only  a  trace  of  sugar  in  the  arterial  and  right- 
ventricular  blood  collected  during  hfe.    Pour  out  of  the  five 
livers  belonging  to  the  animals  were  submitted  to  analysis, 
and,  as  shown,  were  richly  charged  with  sugar : — 

Blood  from  the  cia-otid  artery        Blood  (defibriiiated)  from  Liver  a  sliort  time 

and  likewise  from  the  right  the  right  side  of  the  after  death, 

ventricle  during  life.  heart  after  deatli. 

per  cent.  per  cent. 

No.  1.  Trace  of  sugar.  ^^^\\%  gr.  of  sugar.  Not  analysed. 

No.  2.  Trace  of  sugar.  fogtlis  gr.  of  sugar.  4-10  grs.  of  sugar. 

No.  3.  Trace  of  sugar.  ,|tbs  gr.  of  sugar.  3'39  grs.  of  sugar. 

No.  4.  Trace  of  sugar.  yoUlis  gr.  of  sugar.  2*45  grs.  of  sugar. 

No.  5.  Trace  of  sugar.  foths  gr.  of  sugar.  2'44  grs.  of  sugar. 
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At  the  time  the  above  analyses  were  made,  I  looked  upon 
the  amount  of  sugar  in  the  right-ventricular  blood  removed 
during  life,  as  too  small  for  exact  determination.  I  have 
since,  however,  found  that  although  minute,  yet,  the  quan- 
tity is  with  care  susceptible  of  being  ascertained.  Defibri- 
nated  blood  is  poui'ed  into  spirit,  and  the  precipitate 
thoroughly  washed  with  this  agent.  The  filtered  liquid  is 
evaporated  to  a  small  bulk,  and  the  sugar  then  estimated 
with  the  copper  solution.  In  three  instances,  I  found  the 
quantity  of  sugar  indicated,  to  be  il^oths,  f^^oths,  -rl^oths  of  a 
grain  per  cent.  These  results  may  be  taken  as  affording  an 
average  representation  of  the  per-centage  of  sugar  normally 
existing  in  the  right-ventricular  blood  of  the  living  dog ; 
for  the  specimens  behaved,  as  regards  degree  of  reaction, 
on  being  tested  in  the  usual  way  with  the  copper  solution, 
in  a  similar  manner  to  those  belonging  to  the  other  ex- 
aminations I  have  made.  In  the  first  two  instances,  the 
blood  was  procured  within  a  few  hours  after  the  animals 
had  received  food ;  whilst  in  the  third,  twenty-four  hours 
had  elapsed  since  food  had  been  ingested. 

To  obtain  a  correct  representation  of  the  amount  of  sugar 
naturally  belonging  to  the  blood  during  life,  it  is  necessary 
that  the  animal  should  remain  in  as  perfect  a  state  of  tran- 
quillity as  possible  during  the  performance  of  the  operation 
of  removal.  Very  slight  causes  are  sufficient  to  determine 
an  increase  of  sugar  in  the  blood  of  all  parts  of  the  system. 
It  is  astonishing  how  immediate  is  the  eftect  of  a  disturb- 
ance, produced  by  muscular  efforts  of  resistance,  or  by  em- 
barrassment of  the  breathing.  According  to  the  state  of  the 
animal  during  the  removal  of  the  blood,  I  can  predicate  with 
confidence  the  kind  of  behaviour  as  far  as  regards  sugar  that 
the  blood  will  present.  Should  there  be  any  extensive  amount 
of  muscular  disturbance,  or  embarrassment  of  the  breathing, 
a  considerable  indication  of  the  presence  of  sugar  is  sure  to 
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be  met  with.  Indeed,  by  simply  interfering  with  the  proper 
performance  of  the  breathing,  I  have  determined  such  a  pre- 
sence of  sugar  in  the  circulation  as  to  have  rapidly  occasioned 
a  strongly  saccharine  state  of  the  urine.  The  supply  of  air 
was  reduced  short  of  producing  asphyxia,  and  the  urine  in 
an  hour's  time  became  highly  charged  with  sugar. 

I  believe  that  the  unnatural  flow  of  sugar  into  the  cir- 
culation, which  takes  place  under  the  circumstances  above 
mentioned,  can  be  satisfactorily  accounted  for.  By  mechani- 
cal compression  of  the  liver,  from  violent  contraction  of  the 
muscles  of  the  abdominal  parietes  ;  or,  from  congestion  of 
the  circulation,  through  an  impediment  to  the  freedom  of  the 
breathing,  it  is  not  unreasonable  to  assume  that  conditions 
are  estabhshed  which  will  unnaturally  tend  to  promote 
the  escape  of  amyloid  substance  from  the  liver-cells,  and 
its  admixture  with  the  blood.  With  such  an  occurrence, 
a  production  of  sugar  is  the  immediate  result ;  but  these 
are  points  that  T  shall  have  specially  to  advert  to  in  a  sub- 
sequent part  of  this  work. 

The  circumstances  I  have  alluded  to  afford  an  explanation, 
why  blood  removed  from  the  carotid  artery  immediately 
after  exposing  the  vessel,  is  ordinarily  found  in  a  marked 
degree  more  saccharine,  than  when  collected  ten  minutes  or 
so  after  the  operation  of  exposing  the  artery  has  been 
effected.  From  the  contiguity  of  the  carotid  artery  to  the 
pneumogastric  nerve,  picking  up  the  vessel  is  almost  univer- 
sally attended  with  considerable  resistance,  and  disturbance 
of  the  breathing.  But,  when  the  artery  has  been  once  fully 
separated  from  its  adjacent  structures,  and  a  ligature  placed 
around  it,  it  can  be  easily  drawn  out  and  blood  collected 
from  it  without  causing  any  fresh  resistance  or  disturbance. 

I  have,  upon  a  few  occasions,  found  blood  removed  from 
the  carotid  artery,  giving  a  shade  stronger  reaction  than  the 
blood  previously  withdrawn  from  the  right  side  of  the  heart. 
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I  consider  this  to  have  been  due  to  the  different  effects  of 
the  respective  operations  required.  Exposing  the  jugular 
and  passing  a  catheter  into  the  heart,  is  not  so  likely 
to  occasion  resistance  and  disturbance  as  exposing  the 
carotid. 

The  administration  of  chloroform  must  be  alwavs  avoided 
when  a  specimen  of  blood  is  required  in  a  natural  state  as 
regards  sugar.  Chloroform  not  only  reacts  of  itself  with 
the  copper  solution,  but  through  its  influence  on  the  system 
determines,  as  I  shall  show  further  on,  an  unnatural  flow  of 
sugar  into  the  blood. 

The  only  point  I  know  of  in  which  Bernard's  results  and 
my  own  stand  in  opposition  to  each  other  is,  as  to  the  state 
of  the  blood  collected  from  the  right  ventricle  during  life. 
In  his  '  Lemons  de  Physiologic  Experimental e,'  vol.  i,  p.  121, 
he  records  an  experiment  made  before  his  class,  in  whicli 
the  blood  removed  from  the  right  side  of  the  living  heart 
gave  a  neat  reaction  with  the  copper  solution,  whilst  the 
blood  of  the  carotid  artery  and  jugular  vein  of  the  same 
animal  gave  no  reaction  at  all.  I  do  not  doubt  that  we 
have  here  an  accurate  description  of  what  was  noticed,  but 
it  is  directly  at  variance  with  the  result  I  am  confident  in 
obtaining  myself,  and  which  I  am  frequently  showing  to 
others.  If  an  extensive  experience  upon  this  particular 
point,  may  be  advanced  as  affording  reliable  information, 
this  experiment  of  Bernard  must  not  be  taken  as  a  repre- 
sentation of  the  natural  condition.  A  fallacy  may  have 
arisen  from  the  animal  not  having  been  in  a  tranquil  state, 
and  nothing  was  formerly  known,  about  the  differences  I  have 
pointed  out,  that  are  observable  in  the  blood  under  different 
conditions.  Certain  it  is,  according  to  my  own  experiments 
on  the  living  animal,  that  sugar  does  not  exist  to  a  larger 
extent  in  the  blood  of  the  right  side  of  the  heart,  than  to  that, 
which  has  hitherto  been  recognised  as  belonging  to  the  blood 
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of  the  arterial  and  the  general  venous  systems ;  and  that, 
should  sugar  appear  to  any  amount  in  the  right- ventricular 
blood,  it  will  also  be  found  to  a  corresponding  extent  in 
that  of  the  carotid  artery  and  jugular  vein. 

With  the  knowledge  we  noAv  possess,  it  is  easy  to  operate  in 
such  a  manner,  as  to  enable  us  to  alight  upon  the  blood  after 
death,  presenting  the  condition  that  is  natural  to  life.  When 
an  animal  is  killed,  and,  even  only  a  short  time  allowed  to 
elapse,  before  the  chest  is  opened  to  collect  the  blood  from 
the  right  heart,  it  is  found  strongly  saccharine.  But,  if  life 
be  instantaneously  destroyed,  and  the  chest  as  rapidly  as 
possible  opened,  and  the  heart  quickly  ligatured  at  its  base 
and  excised,  then,  the  contents  of  its  right  cavities,  mil  be 
found  as  free  from  sugar  as  if  catheterism  had  been  per- 
formed under  normal  circumstances  during  life.  Here,  the 
steps  of  the  operation  are  so  rapid,  that  time  is  not  given 
for  the  post-mortem  efiPects  on  the  liver  and  the  ckculating 
fluid  to  be  manifested. 

I  think,  perhaps,  that  this  is  the  most  preferable  mode  of 
proceeding,  to  obtain  a  representation  of  the  blood  in  its 
natural  state.  When  the  experiment  is  expeditiously  and 
properly  performed,  the  result  can  scarcely  be  liable  to  be 
exposed  to  the  influence  of  any  accidental  disturbing  cir- 
cumstances. It  is  for  this  reason,  that  I  can  reckon  with 
more  certainty,  on  finding  the  blood  of  the  right  side  of  the 
heart  in  a  perfectly  normal  state,  after  the  sudden  destruc- 
tion of  life  and  instant  excision  of  the  heart,  than  on  removal 
through  the  catheter  during  life.  The  object  of  the  ^t^j^- 
ditious  excision  of  the  heart  will  fully  appear,  when  it  is 
taken  into  consideration,  as  I  shall  presently  mention,  that 
sugar  is  formed  in  the  liver  with  a  surprising  rapidity  after 
death,  and  that  the  continuance  of  the  circulation  which 
occurs  for  a  short  time  after  the  animal  has  been  killed, 
quickly  distributes  this  sugar  through  the  system,  carrying 
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it  first  to  the  riglit  lieart,  and  tlien  through  the  lungs  into 
the  arteries. 

One  of  the  principal  arguments  in  support  of  the  glyco- 
genic theory  has  been  that,  under  a  diet  of  animal  food, 
the  blood  going  to  the  liver  is  devoid  of  sugar,  whilst  that 
flowing  from  it  is  highly  charged  with  sugar.    I  have 
spoken  of  the  blood  escaping  from  the  liver,  and  have  urged 
that  the  saccharine  condition  of  it  which  is  found  after 
death  is  not  to  be  taken  as  a  representation  of  its  natural 
or  physiological  state.    As  to  the  blood  on  the  other  side 
of  the  hver,  I  have  recently  given  it  a  careful  comparative 
examination.    In  three  consecutive  experiments,  in  which 
I  scrupulously  observed  every  precaution  to  obtain  the 
specimens  precisely  in  the  condition  that  is  natm^al  to  life, 
I  could  not  perceive  the  slightest  discoverable  difference  of 
behaviour  between  the  blood  of  the  portal  vein  and  that  of 
the  right  side  of  the  heart.   The  portal  blood  gave  the  same 
trace  of  indication  with  the  copper  solution  as  I  obtained 
with  the  cardiac  contents.    It  was  impossible,  in  fact,  with 
the  test  re-agent  to  recognise  any  perceptible  distinction 
between  the  two. 

An  explanation  may  naturally  be  looked  for,  to  account  for 
what  has  just  been  mentioned,  being  reconcilable  Avith  the 
current  statement  of  physiologists,  that  under  an  animal 
diet  the  portal  blood  is  to  be  found  free  from  sugar.  The 
fact  is,  that  blood  is  examined  (certainly  by  myself)  much 
more  closely  now,  than  when  such  a  wide  diff'erence  was  con- 
sidered  to  exist  in  it,  as  it  belonged  to  diff-erent  parts  of  the 
circulation.  A  trace  of  reaction  is  now  looked  after  and  taken 
note  of,  that  would  have  formerly  been  allowed  to  pass  over 
unobserved.  Por  instance,  on  weU  boiling  a  specimen  derived 
from  portal  blood  with  the  blue  liquid,  there  is  no  decided  re- 
duction  at  first  to  be  perceived.  The  test  appears  to  have 
given  no  reaction,  and  such  would  have  been  formerly 
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described  as  tlic  result.  Had  the  test-tube  been  placed 
aside,  however,  and  examined  again  in  the  course  of  a  short 
time,  just  a  traceable  amount  of  red  oxide  would  have 
been  found,  according  to  my  recent  experience,  to  have 
subsided. 

As  far,  then,  as  we  learn  from  what  has  preceded,  there 
is  not,  as  a  natural  process  of  life,  that  flow  of  sugar  into 
the  circulation  from  the  liver,  for  the  purpose  of  destruction 
in  the  lungs,  which  the  former  mode  of  experimenting  led 
physiologists  to  believe.  After  death,  and  under  certain 
unnatural  states  during  life,  it  is  true,  there  is  a  large  escape 
of  sugar  from  the  liver ;  but,  as  a  normal  condition,  there 
is  only  a  trace  of  sugar  in  the  blood  between  the  liver  and 
lungs,  and  this  trace  is  also  met  with,  on  the  other  side  of 
the  lungs,  in  the  blood  returning  from  the  system  at  large, 
and  even  in  the  blood  on  its  passage  to  the  liver.  The 
blood,  therefore — namely,  that  returning  from  the  liver — 
which  was  formerly  looked  upon  as  affording  evidence  of 
the  exercise  of  a  glyco-genic  function  in  the  animal  system, 
has  nothing  special  belonging  to  it.  The  same  character 
is  met  with,  as  far  as  I  can  discover,  to  precisely  the  same 
extent,  in  the  blood  of  every  part  of  the  system. 

Quitting  now  the  blood,  I  shall  next  direct  attention  to 
the  organ  itself,  which  has  for  some  years  past  been  enjoying 
its  reputed  glyco-genic  function. 

Although  I  had  discovered  the  facts  I  have  pointed  out 
respecting  the  blood,  yet  I  still  continued  to  look  upon  the 
liver  as  being  strongly  impregnated  with  sugar  during  life. 
Analysis  of  the  organ  in  an  ordinary  manner  after  death, 
displayed  an  abundance  of  the  saccharine  principle,  and  I 
had  nothing  yet  before  me  to  lead  me  to  suppose  that  this 
was  not  the  true  representation  of  the  living  state.  At  a 
loss,  however,  to  account  for  the  blood  escaping  from  the 
liver,  not  being  charged  with  sugar  during  life,  as  it  is  after 
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death,  I  began  to  seek  for  a  cause,  and  thus  arose  the  in- 
vestigations to  which  I  am  now  about  to  refer. 

Observation  up  to  this  period  tending  to  show  that  sugar 
was  naturally  contained  in  the  hepatic  tissue,  the  first  idea 
that  suggested  itself,  was,  to  look  to  those  conditions  of  the 
circulatory  system,  which  might  favour  or  prevent  the  escape 
of  the  saccharine  principle  from  the  organ.  I  performed 
experiments  upon  the  injection  of  defibrinated  blood 
through  the  liver,  at  different  degrees  of  pressure,  im- 
mediately after  death.  But,  failing  to  elicit  anything  satis- 
factory, it  next  occurred  to  me  as  possible  that  the  liver, 
like  the  blood  issuing  from  it,  might  be  free  or  almost  com- 
pletely free  from  sugar  during  hfe.  I  did  not  at  first  look 
upon  such  a  supposition  as  bearing  any  degree  of  probability; 
indeed,  so  thoroughly  was  I  still  labouring  under  the  convic- 
tion of  the  liver  being  endowed  with  a  glyco-genic  function, 
that  I  must  own,  I  considered  the  notion  of  trying  to  ascer- 
tain if  it  were  free  from  sugar  during  life,  as  almost  an 
absurd  one  than  otherwise.  Nevertheless,  I  determined  to 
see  if  I  could  not  effect  an  examination  of  the  organ,  as  it 
were,  nearer  to  hfe  than  had  hitherto  been  done,  by  suddenly 
placing  it  in  a  condition  to  arrest  any  change  that  might 
lead  to  the  production  of  sugar  in  the  act  of,  or  subsequent 
to  death. 

Knowing  I  had  a  material  to  deal  with,  existing  in  the 
liver,  w^hich  passes  with  great  rapidity  into  sugar  under  the 
influence  of  ferments,  I  looked  for  an  agent  that  might 
possess  the  power  of  preventing  this  transformation,  without 
destroying  the  material  or  its  product.  Experiments  were 
conducted,  apart  from  the  liver,  with  a  solution  of  amyloid 
substance,  making  use  of  saliva  as  a  ferment.  Various 
agents  were  tried,  to  see  if  I  could  check  the  saccharine 
metamorphosis  from  taking  place  without  destroying  either 
of  the  principal  bodies  concerned.    The  alkalies  were  found 
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to  possess  this  property.  A  very  small  quantity  of  potash, 
added  to  a  solution  of  amyloid  substance,  sufficed  to  prevent 
the  operation  of  the  transformative  influence  of  saliva. 
Upon  this  fact,  I  was  led  to  perform  the  experiment  of  in- 
jecting the  liver  with  potash.  The  alkah  having  prevented 
the  action  of  saliva  as  a  ferment,  I  thought  it  would  exercise 
a  similar  effect  upon  other  ferments,  and  that,  by  injecting 
a  strong  solution  of  it  through  the  portal  vein  into  the  liver 
as  expeditiously  after  the  destruction  of  life  as  practicable, 
I  should  meet  with  an  organ,  as  far  as  amyloid  substance 
and  sugar  w^ere  concerned,  in  the  condition  belonging  to 
life, — or,  at  least,  much  nearer  to  life  than  had  hitherto  been 
done, — and  thus  decide  the  question  which  I  had  started 
out  specially  to  solve. 

Upon  the  injection  of  potash  being  effected,  it  was  in 
vain  I  afterwards  sought  for  the  accustomed  behaviour  of 
the  liver.  I  failed  to  discover  any,  or  at  the  most,  more 
than  a  mere  trace,  of  sugar  in  the  substance  of  the  organ ; 
and  I  therefore  could  now  satisfactorily  account  for  the 
difference  that  had  been  observed  in  the  state  of  the  blood 
before  and  after  death.  That  the  potash  had  not  destroyed 
the  sugar,  but  simply  prevented  its  formation,  was  shown 
by  performing  the  injection  upon  a  liver  that  had  been 
allowed  to  remain  a  short  time  after  death  to  permit  the 
production  of  sugar  to  take  place.  The  result,  under  these 
circumstances,  was,  that  the  presence  of  sugar  was  as  readily 
discoverable  as  if  the  injection  of  the  alkali  had  not  been 
employed.  A  saccharine  liver  injected  with  potash  gives  as 
copious  a  reaction  as  if  the  injection  had  not  been  practised. 

To  prove,  again,  that  exception  could  not  be  taken,  by 
presuming  that  the  liver  experimented  on  was  not  in  a 
healthy  state,  and  would  not  have  given  rise,  if  it  had  been 
left  to  itself,  to  a  saccharine  reaction,  the  modus  operandi 
was  modified,  and  the  injection  practised  instantly  after  death 
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on  a  portion  only  of  the  organ.  On  analysing  the  two 
specimens  thus  obtained,  the  one  gave  no  reaction  with 
the  copper  solution,  whilst  the  other  occasioned  a  strong  re- 
action indicative  of  sugar. 

Although  it  was  at  the  very  commencement  of  my  re- 
searches on  this  point  that  I  discovered,  that  a  strong 
solution  of  the  caustic  alkali  prevented  the  production  of 
sugar  in  the  liver  after  death,  yet,  it  was  not  until  some 
time  afterwards  I  was  aware,  that  a  moderate  amount  of 
the  carbonated  alkali  possessed  the  power  so  completely 
as  it  does  of  exercising  the  same  effect.  In  an  ex- 
periment not  long  since  performed,  I  found  that  200 
grains  of  the  carbonate  of  soda,  dissolved  in  an  ounce  of 
water,  and  injected  into  the  liver  of  a  dog  through  the 
portal  vein  instantly  after  the  destruction  of  life  by  pithing, 
sufficed  for  the  purpose.  A  couple  of  lobes  happened  to 
escape  being  properly  penetrated  by  the  injection,  and  in 
this  part  of  the  liver  the  ordinary  post-mortem  production  of 
sugar  took  place.  In  the  other  portion  of  the  organ,  how- 
ever, no  saccharine  metamorphosis  occurred,  the  liver  struc- 
ture being  found  devoid  of  sugar  shortly  after  the  injection  ; 
and,  even,  when  examined  again  on  the  following  day. 

Acids  act  in  a  similar  manner  to  alkalies  in  checking  the 
transformation  of  the  amyloid  substance  by  ferments.  I 
have  employed  a  strong  solution  of  citric  acid  for  injection 
into  the  liver,  and  have  found  it  produce  the  same  effect  as 
the  solution  of  potash. 

In  all  these  experiments,  as  may  naturally  be  supposed, 
every  thing  depends  upon  the  rapidity  with  which  the 
injection  is  effected  after  the  life  of  the  animal  has  been 
destroyed.  The  transformation  of  the  amyloid  substance 
into  sugar  takes  place  so  speedily  after  death,  that  unless 
the  greatest  promptitude  is  exercised  an  unsuccessful  result 
is  sure  to  be  obtained. 
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Altlioiigli  I  believe  that  these  experiments  may  be  rehed 
on  as  afFording  accurate  information  regarding  tlic  physiolo- 
gical state  of  the  liver,  yet,  another  and  a  far  more  preferable 
process  exists,  for  enabling  us  to  ahght  upon  the  condition 
naturally  belonging  to  life.  Conclusions  derived  from  the 
employment  of  chemical  agents,  such  as  acids  and  alkalies, 
might  be  regarded  with  suspicion  by  some,  but  the  effect 
produced  by  the  simple  influence  of  a  variation  of  tem- 
perature cannot,  I  think,  be  open  to  any  likely  source  of 
objection.  Now,  it  happens  that  either  of  the  two  extremes 
of  temperature  will  answer  our  purpose.  Preezing  suspends 
organic  chemical  changes  of  every  description,  and,  boiling 
destroys  the  ferment  without  exercising  any  possible  influ- 
ence upon  the  amyloid  substance  or  sugar. 

For  the  application  of  the  freezing  method,  a  mixture  of 
ice  and  salt  is  employed.  The  mixture  must  be  allowed  to 
liquefy  before  being  used,  its  power  of  rapidly  extracting 
heat  being  thereby  very  much  enhanced.  The  object  is,  to 
instantly  reduce  the  temperature  to  a  degree,  at  which  the 
ferment  ceases  to  possess  activity.  The  life  of  the  animal 
being  suddenly  destroyed,  the  abdomen  is  immediately 
opened,  and  a  piece  of  the  liver  excised  as  hastily  as  possible 
and  plunged  into  the  freezing  mixture,  in  which  it  is  after- 
wards moved  about.  In  the  course  of  a  very  short  time  the 
Hver  is  frozen  quite  hard.  Being  removed,  it  is  cut  into 
thin  slices,  reduced  to  a  pulp  in  a  mortar,  and  thrown,  a 
little  at  a  time,  into  a  small  quantity  of  water  contained  in 
a  capsule,  which  is  to  be  kept  thoroughly  boiling  during  the 
process.  If  the  specimen  were  allowed  to  pass  through  a 
gradual  elevation  of  temperature,  to  obtain  the  decoction  for 
testing,  the  experiment  would  be  vitiated,  as  sugar  would 
be  formed  during  the  process  of  preparation.  The  liquid 
procured,  is  a  concentrated  decoction  of  the  hver.  It  con- 
tains an  abundance  of  amyloid  substance,  but  gives  no 
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indication,  or,  at  the  most,  a  mere  trace  of  indication,  of 
the  presence  of  sugar.  With  some  specimens,  where  the 
experiment  has  been  happily  conducted  throughout,  I  have 
not  been  able  to  obtain  any  reaction  of  sugar ;  whilst  the 
remainder  of  the  hver,  which  had  not  been  submitted  to 
the  influence  of  freezing,  but  tested  in  the  manner  it  was 
formerly  the  custom  to  do,  has  given  a  copious  reduction 
with  the  copper  solution. 

To  prove  that  merely  a  suspension  of  change  has  been 
effected  by  the  influence  of  the  cold,  it  is  only  necessary  to 
expose  the  frozen  liver  for  a  short  time  to  a  temperature  of 
about  90°  or  100°.  When  afterwards  prepared  for  test- 
ing, the  most  abundant  evidence  of  the  existence  of  sugar 
is  to  be  obtained. 

I  need  scarcely  say,  that  a  liver  which  has  been  allowed 
to  become  saccharine  after  death,  loses  none  of  its  sac- 
charine quahty  by  immersion  in  a  freezing  mixture. 

I  have  found  the  rabbit  to  be  a  more  favorable  animal 
for  this  experiment  than  the  dog,  because,  on  account  of 
its  smaller  size  and  the  thinness  of  its  abdominal  parietes, 
the  steps  of  the  operation  can  be  more  rapidly  carried  out ; 
and  the  liver  being  thinner,  the  portion  excised  is  sooner 
acted  upon  throughout  by  the  cold.  With  a  thick  piece 
of  liver,  I  have  before  now  noticed,  that  whilst  the  outside 
portion  w^as  devoid  of  sugar,  the  central  part  contained  it  in 
moderate  quantity.  It  is  obvious  that,  with  a  thick  mass 
of  liver,  the  centre  must  escape  being  influenced  for  a 
greater  or  less  period.  Indeed,  I  have  seen  it,  after  some 
minutes'  immersion,  still  quite  soft.  Whether  the  animal 
is  at  a  period  of  digestion  or  not  makes  no  difference,  that 
I  have  perceived,  in  the  result.  Usually,  in  performing 
the  experiment,  it  is  my  practice  to  conduct  it  a  few  hours 
after  food  has  been  given. 

The  result  produced  by  boiling  water  is  similar  to  that 
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Of  a  freezing  mixture.    By  coagulating  or  destroying  the 
materials  capable  of  acting  as  ferments  in  the  liver,  the 
ordinary  post-moriem   transformation  is  prevented  from 
occurrmg.    Its  action,  perhaps,  is  not  quite  so  perfect  as 
tha  of  freezing,  but  still,  especially  with  the  liver  of  the 
rabbit   specimens  are  easily  obtained  yielding  only  the 
famtest  mdication  of  sugar.    On  testing  the  decoction, 
there  is  no  change  on  boiling  with  the  blue  hquid,  but  after 
some  time,  a  few  particles  of  red  precipitate  may  subside. 
It  will  be  easily  understood  that  every  degree  of  elevation 
of  temperature,  until  the  point  is  attained  at  which  the 
transformative  agent  loses  its  activity,  is  more  and  more 
favorable  to  the  production  of  sugar ;  so  that,  unless  an 
arrival  at  the  requisite  degree  of  heat  is  comparatively 
sudden,  the  object  in  view  will  fail  to  be  attained.  There 
should  be  a  good  bulk  of  water,  say  a  quart,  into  which 
the  piece  of  liver  is  plunged,  and  it  should  be  thoroughly 
boilmg  at  the  time.    The  piece  of  liver  should  not  be  too 
large  or  too  thick,  and  it  is  desirable  to  make  a  few  in- 
cisions into  it,  in  order  that  it  may  be  more  rapidly  acted 
on  throughout.    After  a  minute  or  two's  immersion,  all 
that  is  necessary  for  testing  is  to  pound  in  a  mortar,  add 
a  little  water,  and  then  boil  in  a  capsule  to  procm^e  a 
decoction. 

As  with  the  injections,  so  with  these  experiments  upon 
the  influence  of  temperature,  everything  depends  upon  the 
rapidity  with  which  the  required  alteration  is  effected  after 
the  destruction  of  life  has  been  occasioned.  At  the  tem- 
perature of  the  warm-blooded  animal,  the  post-mortem  trans- 
formation of  amyloid  substance  into  sugar  takes  place  with 
such  rapidity,  that  the  exercise  of  the  greatest  promptitude 
is  required. 

In  the  case  of  the  cold-blooded  animal,  the  circumstances 
happen  to  be  such,  that  the  application  of  special  expedients 
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as  with  the  warm-blooded  animal,  are  not  needed  to  pro- 
cure a  representation  of  the  natural  living  condition  of  tlie 
liver.  According  to  the  lowness  of  temperature,  the  post- 
mortem change  is  proportionately  retarded.  TIence,  with 
ordinary  precautions,  especially  during  cold  or  moderately 
cool  weather,  the  liver  of  a  cold-blooded  animal  is  readily 
ahghted  upon  in  the  state  that  belongs  to  life. 

The  frog  is  an  exceedingly  convenient  animal  to  experi- 
ment on  for  this,  as  for  so  many  other  purposes.  Now,  it 
did  not  escape  the  observation  of  Bernard  in  his  researches, 
that  according  to  the  temperature  of  the  animal  at  the  time 
of  death,  the  liver  was  found  to  contain  sugar  or  not,  after  an 
ordinarily  conducted  examination.  In  the  ' Comptes  Rendus' 
of  the  Academy  of  Sciences,  March,  1857,  he  mentions  that 
lowering  the  temperature  of  frogs  causes  a  disappearance  of 
sugar  from  the  liver,  whilst  a  reappearance  takes  place  on 
afterwards  exposing  them  to  heat.  He  adds,  that  it  is  pos- 
sible to  produce  this  singular  alternation  of  appearance  and 
disappearance  of  sugar  several  times,  without  any  food  being 
given,  and  by  acting  solely  on  the  phenomena  of  the  circu- 
lation through  the  medimn  of  the  temperature.  Such  is 
the  idea  he  entertained  in  explanation  of  this  phenomenon, 
namely,  that  it  depended  on  an  alteration  in  the  activity  of 
the  glyco-genic  function,  brought  about  by  increasing  or 
diminishing  the  activity  of  the  circulation. 

In  experimenting  upon  frogs,  myself,  I  had  obtained  re- 
sults corresponding  with  those  of  Bernard,  before  I  was 
aware  he  had  undertaken  his  experiments.  Frogs  in  good 
condition,  in  which  the  liver  is  large,  pale- coloured,  and  ex- 
ceedingly rich  in  amyloid  substance,  were  exposed  for  two 
hours  to  an  atmosphere  heated  to  90^  Fahr.  An  examina- 
tion of  the  livers  in  the  usual  way,  afforded  a  decided  indi- 
cation of  the  presence  of  sugar.  In  other  frogs,  without 
exposure  to  the  elevated  temperature,  the  livers  similarly 
examined  gave  no  reaction  with  the  copper  solution. 


GO  THE  PHYSIOLOGICAL  RELATIONS  OF  SUGAR. 

Whilst  repeating  these  experiments,  I  accidentally  met 
with  a  result  for  which  I  was  formerly  at  a  loss  to  account, 
borne  frogs  that  had  been  exposed  to  heat  happened  to  be 
placed  aside  m  my  laboratory  for  a  quarter  of  an  hour  before 
they  were  killed.  Their  livers,  being  examined,  yielded 
scarcely  an  mdication  of  a  trace  of  sugar.  Time  had  been 
given  for  the  temperature  to  fall;  and,  from  what  has  pre- 
ceded,  it  will  now  be  seen,  that  the  absence  or  presence  of 
sugar  m  these  experiments  depends  upon  the  influence  that 
a  high  or  low  temperature  has  been  shown  to  exercise  over 

post-mortem  change  that  occurs  in  the  liver. 

The  oyster  and  the  mussel  are  animals  which  likewise 
serve  well  to  illustrate  the  true  state  of  the  liver  in  regard 
to  sugar  formation.  In  both,  the  liver  is  charged  with  a 
very  large  quantity  of  amyloid  substance,  but  is  entirely 
devoid  of  sugar  when  the  animal  is  taken  for  examination 
in  a  fresh  and  healthy  condition.  Should  the  animals, 
however,  have  been  allowed  to  die,  or  been  kept  for  some 
time  out  of  water,  sugar  is  then  discoverable  in  abundance. 
The  same  is  the  result  when  the  livers  are  removed  and 
moderately  heated  a  short  time  before  the  examination  is 
made. 

In  the  mussel  [Mytilus  edulis),  besides  the  amyloid  sub- 
stance contained  in  the  Kver,  the  mantle  is  exceedingly  rich 
in  an  identical  material  under  a  good  conditioned  state  of 
the  animal.  When  the  animal  is  poor,  as  after  spawning, 
the  mantle  is  thin,  transparent,  watery,  and  comparatively 
devoid  of  amyloid  substance ;  but  at  other  times,  it  is  thick 
and  opaquely  white  or  yellowish,  and,  in  this  state,  is  highly 
charged  with  the  amyloid  substance,  which  therefore  seems 
to  form  a  store  to  be  drawn  upon  when  required  by  the 
economy.  No  sugar  can  be  detected  in  the  mantle  at  the 
time  of  death ;  and,  what  is  more,  there  is  scarcely  a  prone- 
ness  to  the  production  of  sugar  after  death,  unless  a  ferment, 
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siicli  as  saliva,  be  added,  when  a  copious  formation  of  sugar 
is  the  result. 

The  hver  of  a  warm-blooded  animal,  even,  maybe  placed 
at  the  time  of  death  in  nearly  the  same  position  as  that  of 
a  cold-blooded  one,  by  the  adoption  of  certain  measures 
during  Kfe.  After  division  of  the  spinal  cord  as  high  up 
towards  the  brain  as  is  consistent  with  the  persistence  of 
life— that  is,  just  below  the  origin  of  the  phrenic  nerves — 
the  temperature  of  the  body  rapidly  falls,  when  the  animal 
is  placed  in  a  cool  situation.  Bernard,  again,  noticed  that 
under  these  circumstances  the  liver  was  found  devoid  of 
sugar  when  examined  immediately  after  death,  but  be- 
came strongly  saccharine  aftei-wards.  He  endeavoured  to 
account  for  this  phenomenon  under  his  glyco-genic  theory ; 
but  the  different  reasons  assigned,  show  the  difficulty  he 
was  under  in  giving  a  satisfactory  explanation  of  it.  The 
fact  itself  is  a  most  striking  one,  and  has  been  frequently 
corroborated  in  my  laboratory.  It  fully  agrees  with  all  the 
experiments  I  have  been  mentioning,  and  receives  from 
them,  I  consider,  a  satisfactory  explanation.  The  low  de- 
gree of  temperature  at  the  time  of  death  diminishes  the 
rapidity  of  the  post-mortem  formation  of  sugar,  which,  being 
thus  retarded,  is  easily  recognised  in  its  proper  light.  In 
one  case,  three  hours  and  a  half  after  the  operation  of  divi- 
sion of  the  cord  had  been  effected  on  a  rabbit,  I  noticed 
that  the  temperature  of  the  rectum  was  only  67°. 

Maintaining  artificially  the  temperature  of  the  animal,  by 
exposure  to  a  heated  atmosphere,  after  division  of  the  spinal 
cord,  essentially  alters  the  result.  Thus,  a  rabbit  in  which 
the  spinal  cord  had  been  divided  just  below  the  phrenics, 
was  placed  in  an  atmosphere  where  the  thermometer  stood 
at  88°.  In  three  hours'  time,  when  its  life  was  destroyed, 
the  temperature  of  its  rectum  was  1 04°.  The  liver  behaved 
precisely  as  if  the  animal  had  been  suddenly  killed  whilst  in  a 
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healthy  state ;  sugar  being  found,  after  an  ordinarily  con- 
ducted examination,  to  its  usual  extent.  The  temperature 
was  conducive,  as  under  ordinary  circumstances  in  the 
warm-blooded  animal,  to  the  almost  instantaneous  produc- 
tion of  sugar  after  death. 

The  same  result  may  be  obtained,  by  oiling  the  coat  of  a 
rabbit  and  thereby  favouring  the  rapid  escape  of  heat  from 
Its  body,  as  by  division  of  the  spinal  cord.  In  a  wann 
atmosphere  a  rabbit  will  outlive  such  an  operation ;  but, 
exposed  to  a  cold  atmosphere,  the  radiation  of  heat,  from  the 
destruction  of  the  non-conducting  properties  of  the  coat, 
being  greater  than  the  power  of  generation,  the  temperature 
more  or  less  rapidly  declines  until  it  reaches  a  point  that 
is  inconsistent  with  the  further  continuance  of  life.  When 
the  temperature  of  the  body  has  fallen  to  about  65°  life 
becomes  thoroughly  extinct.  On  the  destruction  of  life 
before  the  animal  has  reached  a  moribund  state ;  when,  in 
fact,  the  temperature  has  descended  to  between  70°  and 
80°,  the  liver  is  easily  alighted  upon  in  its  physiological 
state,  and  becomes  strongly  saccharine  afterwards. 

From  a  consideration  of  the  facts  that  have  been  brought 
forward,  which,  in  every  respect,  corroborate  each  other,  and 
which,  I  may  mention,  stand  uncontroverted  by  any  result  I 
have  yet  encountered,  I  think  we  are  unavoidably  led  to 
deprive  the  liver  of  that  sugar-forming  function  with  which, 
in  recent  days,  it  has  been  endowed  by  physiologists.  Our 
position  in  reality  stands  thus.  The  conclusions  upon 
which  our  former  notions  were  based,  were  drawn  from 
results  obtainable  after  death.  But,  it  now  becomes  appa- 
rent that  we  are  no  longer  justified  in  regarding  these 
results  as  indicating  the  condition  that  belongs  actually  to 
life.  It  is  not,  that  Bernard's  observations  are  incorrectly 
recorded,  or  his  experiments  inexact ;  but,  that  fallacious 
inferences,  as  shown  by  more  extended  investigation,  have 
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been  drawn  from  these  experiments  and  their  results.  The 
views  I  have  advanced  are  perfectly  compatible,  not  with 
our  former  conclusions  it  is  true,  but  with  the  experiments 
upon  which  those  conclusions  were  founded.  From  an 
ordinary  examination  of  the  liver  and  the  blood  of  the  right 
side  of  the  heart  after  death,  we  obtain  reactions  that  infal- 
libly indicate  a  large  impregnation  of  sugar.  The  deduction 
from  this  hitherto  has  been,  that  the  sugar  existed  there 
naturally  during  life.  This  deduction,  however,  although 
it  has  appeared  to  our  minds  exceedingly  plausible — so 
plausible,  indeed,  that  no  one  before  has  been  led  to  ques- 
tion it;  yet,  confined  to  such  experiments,  it  is  obviously 
gratuitous.  All  that  can  be  strictly  or  logically  inferred 
from  the  result  of  such  an  examination  is,  that  the  liver  and 
the  right-ventricular  blood  are  strongly  saccharine  after 
death;  to  show  that  this  is  likewise  the  condition  during 
life  requires  another  mode  of  experimenting.  And,  not- 
withstanding, as  it  is  fair  to  confess,  nothing  was  to  have 
been  reasonably  expected  beyond  a  ratification  of  our  views, 
yet,  on  actually  prosecuting  the  inquiry,  it  turns  out  that 
we  can  no  longer  overstep  the  strict  letter  of  interpretation 
belonging  to  the  original  experiments. 

Briefly  to  recapitulate,  the  following  are  the  conclusions 
that  arise  out  of  the  facts  that  have  as  yet  been  mentioned 
in  reference  to  glyco-genesis 

Evidence  has  been  given  that  the  so-called  glyco-genic 
matter  is  formed  in  the  liver  from  sugar  as  one  of  its 
sources.  Hence,  if  sugar  were  its  natural  destination, 
the  process  would  be  sugar  into  glycogene,  and  glyco- 
gene  back  again  into  sugar — a  repetition  that  certainly 
appears,  to  say  the  least  of  it,  extraordinary  and  im- 
probable, as  a  designed  occurrence  of  nature. 

The  blood,  under  normal  circumstances,  only  contains 
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more  or  less  evident  traces  of  sugar;  and  that  be- 
longing to  different  parts  of  the  system  does  not  pre- 
sent, as  far  as  I  can  discover,  after  adopting  the 
necessary  precautions  in  the  examination,  any  appre- 
ciable variation  in  constitution.  In  some  most  carefully 
conducted  examinations,  I  was  unable  to  distinguish, 
by  any  difference  in  behaviour,  the  blood  of  the  portal 
vein  from  that  of  the  right  side  of  the  heart. 
The  liver  itself  is  found  free  from  sugar,  or,  at  the  most, 
is  only  impregnated  with  it,  to  the  minutest  extent, 
when  treated  so  as  to  come  down  upon  it  in  a  con- 
dition the  nearest  possible  to  that  of  life. 

Now,  reflecting  upon  what  I  have  described  to  be  the 
natural  state  of  the  blood  and  hver  during  hfe,  and,  upon 
the  circumstance  that  the  amyloid  substance  possesses  the 
strong  tendency  it  does  to  transformation  into  sugar,  the 
question  naturally  forces  itself  upon  us  for  consideration — 
how  is  it  that  the  production  of  sugar,  which  occurs  so 
rapidly  after  death,  is  prevented  from  hkewise  taking  place 
during  life  ?  I  must  candidly  admit,  that  all  I  can  do  at 
.present  is  to  reiterate,  that  such  is  the  fact,  without  attempt- 
ing an  explanation.  I  can  only  say,  it  is  a  matter  sus- 
ceptible of  observation,  that  the  amyloid  substance  is 
endowed  with  the  pQwer  to  resist,  whilst  located  in  the  tissue 
of  the  hving  and  healthy  hver,  transformation  into  sugar, 
and  that,  with  the  destruction  of  hfe,  such  power  of  resistance 
ceases  to  exist.  When  the  forces  of  chemistry  are  in  unop- 
posed operation,  as  after  death,  the  tendency  of  the  amyloid 
substance  to  undergo  a  saccharine  metamorphosis,  is  allowed 
to  take  effect.  Under  normal  circumstances  during  hfe,  how- 
ever, this  mode  of  transformation  is  held  in  check  by  some 
force  or  condition  belongin^to  the  living  and  healthy  hver. 
There  is  the  material  which  is  so  susceptible  of  undergoing 
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change  into  sugar,  and  there  is,  also,  the  ferment  or  agent 
for  exciting  it.  Both  are  present  in  the  Hver,  and  yet  the 
process  is  observed  to  escape  being  carried  out,  except  to 
an  almost  infinitesimal  extent. 

I  may  mention  that  in  the  course  of  my  experience  two 
instances  have  fallen  under  my  observation,  where  the  amy- 
loid substance  has  remained  in  the  liver  without  undergoing 
its  ordinary  post-mortem  transformation  into  sugar.  The 
first,  was  the  liver  of  a  cod-fish,  which  fell  into  my  hands 
in  January  1860.  The  organ  was  most  richly  charged  with 
amyloid  substance,  but  gave  so  slight  an  indication  of  the 
presence  of  sugar,  that,  on  boiling  the  decoction  with  the 
copper  solution,  there  was  not  the  slightest  perceptible  reac- 
tion to  be  seen,  and  even,  after  placing  the  test  tube  aside 
for  some  time,  an  amount  of  deposit  that  was  only  just 
distinctly  appreciable  was  all  that  was  found  ta  have  sub- 
sided. On  the  following  day  the  liver  behaved  in  identically 
the  same  manner.  And,  what  was  more  surprising,  a  spe- 
cimen of  it  exposed  for  three  hours  to  a  temperature  of  about 
90°  only  contained  just  an  evident  trace  of  sugar.  The 
addition  of  a  ferment  in  the  form  of  saliva  to  the  decoction 
instantly  occasioned  the  production  of  a  copious  amount  of 
sugar.  The  decoction,  indeed,  was  so  highly  charged  with 
amyloid  substance  as  to  be  quite  opaque  like  milk.  In  the 
other  instance,  which  occurred  to  me  quite  recently,  the  liver 
was  derived  from  a  rabbit.  The  animal  was  an  old  buck 
rabbit  in  an  exceedingly  healthy  and  robust  condition.  It  had 
been  feeding  on  carrots  shortly  before  being  killed.  A  decoc- 
tion of  the  Hver  made  in  the  ordinary  way  a  short  time  after 
death,  although  opaque  like  milk  from  the  abundant  pre- 
sence of  amyloid  substance,  gave  no  reaction  indicative  of 
sugar.  After  the  liver  had  been  exposed,  also,  for  several 
minutes  to  a  moderately  elevated*temperature  there  was  only 

just  a  trace  of  saccharine  reaction  discoverable.  Trcatino- 

o 
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the  decoction  with  a  little  saliva  immediately  occasioned  a 
large  production  of  sugar.  The  only  interpretation  that  I 
can  give  to  these  results  is,  by  supposing  that  there  did  not 
exist  the  usual  ferment  present  in  the  liver ;  or  else,  being 
there,  that  its  action  was  checked  by  the  presence  of  some 
other  agent.  But,  whatever  the  interpretation,  the  results 
themselves  cannot  be  looked  upon  as  otherwise  than  of  an 
exceedingly  interesting  and  important  description.  Care 
was  taken  in  each  instance,  by  making  several  examinations, 
to  secure  that  no  chance  of  error  had  crept  in.  It  may  be 
added,  as  a  matter  of  general  experience,  that  I  have  found 
the  post-mortem  production  of  sugar  take  place  much  more 
slowly  in  the  good-conditioned  rabbit  than  it  does  in  the 
dog,  there  being  at  the  same  time  a  much  larger  proportion 
of  amyloid  substance  present  in  the  former  than  in  the 
latter. 

Although  I  cannot  attempt  to  offer  an  explanation  of  why 
the  amyloid  substance  escapes  as  it  does  transformation 
into  sugar  during  life,  whilst  the  effect  takes  place  with 
such  rapidity  after  death,  yet  the  fact  remains  the  same, 
and  we  are  not  altogether  unprepared  for  it,  as  we 
have  long  been  familiar  with  an  occurrence — the  pheno- 
menon of  coagulation — which  seems  to  me  may  be  con- 
sidered as  occupying  a  parallel  position.  Whilst  circulating 
in  the  vessels  of  the  living  body,  fibrine  exists  in  a  fluid 
state.    Immediately,  however,  that  blood  is  withdrawn, 
this  fibrine,  with  an  astonishing  rapidity,  assumes  the 
solid  form.    It  is  the  property  of  fibrine  to  have  a  strong 
tendency  to  coagulate.    As  long  as  it  remains  under 
natural  circumstances  in  the  hving  body,  this  tendency 
is  held  in  check,  but  immediately  it  escapes  from  the 
influences  thus  naturally  controlling  it,  its  coagulating 
property  comes  into  play,  and  a  solidification  is  the  result. 
Even  here,  although  the  phenomenon  has  been  so  long 
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familiar  to  us,  it  has  not  yet  received  what  can  be  admitted 
as  a  satisfactory  and  full  explanation.  There  is,  then, 
nothing  particularly  wonderftd,  nothing  unparalleled,  in  the 
position  of  the  amyloid  substance  before  and  after  death — 
namely,  as  to  its  resisting  during  life  the  exercise  of  its 
chemical  tendency  to  transform  into  sugar,  and  a  transfor- 
mation taking  place  immediately  the  controlling  influence 
— whatever  this  may  be — existing  during  hfe  is  removed. 
No  one,  for  a  moment,  would  attempt  to  deny  the  fluid 
existence  of  fibrine  during  life,  because  he  could  not  satisfac- 
torily account  for  what  held  in  check  the  solidification  that 
takes  place  after  death ;  and  similarly,  I  contend,  no  one 
would  be  justified  in  ignoring  the  capability  of  the  amyloid 
substance  to  resist  during  life  the  saccharine  metamorphosis, 
because  he  could  not  explain  of  what  nature  this  power  of 
resistance  consisted. 

Another  important  link  that,  it  must  be  confessed,  is 
yet  deficient  in  this  inquiry  is  the  discovery  of  the  body 
into  which  the  amyloid  substance  is  designed  for  physio- 
logical transformation.  I  will  merely  mention  in  con- 
nection with  this  point,  that  I  have  grounds  for  believing, 
that  the  product  of  the  normal  transformation  of  the 
amyloid  substance,  passes  down  through  the  biliary  pas- 
sages into  the  intestine ;  and,  that  I  have  been  for  some 
time  past  actively  engaged  in  tracing  out  the  connection  of 
the  liver  with  the  production  of  fat — a  statement  that  will 
serve  to  throw  a  hint  upon  the  direction  in  which  my  views 
are  tending  with  respect  to  the  purpose  of  the  amyloid 
substance. 

That  there  must  be  some  other  mode  of  transformation, 
to  which  amyloid  substance  is  susceptible  in  the  liver,  be- 
sides conversion  into  sugar,  is  proved  by  the  results  I  have 
obtained  after  the  introduction  of  the  carbonate  of  soda  into 
the  portal  system  during  life.    A  solution  of  carbonate  of 
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soda  has  been  injected  into  one  of  the  branches  of  the 
portal  vein,  and  in  a  few  minutes  even,  has  created  a  total 
disappearance  of  amyloid  substance  from  the  liver,  without 
any  evidence  of  the  production  of  sugar. 

Presuming,  for  the  sake  of  argument,  that  the  amyloid 
substance  had  disappeared,  under  the  influence  of  this  injec- 
tion of  carbonate  of  soda  into  the  portal  system  during  life, 
by  transformation  into  sugar,  it  is  easy  to  determine  how 
much  of  this  principle  should  have  been  produced.  I,  some 
time  since,  made  some  analyses  to  ascertain  the  relation  that 
exists,  as  to  loss  and  gain,  in  the  transformation  of  amyloid 
substance  into  sugar,  in  the  liver  after  death — to  ascertahi, 
in  fact,  how  much  sugar  is  formed  for  the  amyloid  sub- 
stance that  disappears.  In  the  first  three  experiments,  a 
part  of  the  liver  was  instantly  after  death  thrown  into  a  freez- 
ing mixture,  whilst  the  other  part  was  allowed  to  remain  in 
the  animal  for  some  minutes.  An  analysis  of  each  specimen 
being  made,  gave  me  the  quantity  of  amyloid  substance 
lost  in  the  portion  where  the  temperatiu^e  was  kept  up,  and 
likewise  the  amount  of  sugar  that  was  formed.  In  the 
fourth,  the  liver  was  simply  removed  from  the  animal  and 
examined  at  once,  and  then  again  in  twenty-four  hom^s' 
time. 

Amount  of  amyloid  Amount  of  Relation  of  gain  of  sugar 

^^XtanceTost  sugar  gained.  to  loss  of  amyloid  substance, 

percent.  percent. 

No.  1  .  2-20  .  1-57  .  1  to  1-40. 
No.  2  .  7-04  .  4-25  .  1  to  1-65. 
No.  3  .  3-12  .  2  05  .  I  to  1-52. 
No.  4     .     1-82       .       ri2       .       1  to  1-62. 

Looking  at  the  medium  of  these  results,  we  get  for  the 
production  of  one  part  of  sugar  a  loss  of  r54  of  amyloid 
substance.  Now,  taking  an  ordinary-sized  liver  of  the 
dog  say  seven  and  a  half  ounces  in  weight,  contammg  an 
average  amount  of  amyloid  substance  for  an  animal  diet, 
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say  seven  per  cent.,  and  reckoning  in  round  numbers  that 
a  loss  of  one  and  a  half  part  of  amyloid  substance  is  accom- 
panied  with  a  production  of  one  part  of  sugar,  then  up- 
wards of  150  grains  of  sugar  would  have  to  be  accounted 
for,  if  under  the  influence  of  the  carbonate  of  soda  the 
rapid  disappearance  of  amyloid  substance  were  through  its 
undergoing  a  saccharine  metamorphosis.  Carbonate  of 
soda  having  no  power,  as  far  as  I  can  discover  by  experi- 
ment, of  directly  leading  to  the  destruction  of  sugar  in  the 
system ;  and,  there  being  no  possibility  of  failing  to  detect 
such  an  amount  as  that  above  mentioned,  it  is  evident  that 
there  must  exist  some  other  mode  of  transformation  for 
the  amyloid  substance  in  the  animal  system  besides  into 
sugar. 

In  various  parts  of  the  body,  especially  in  early  hfe,  there 
is  to  be  found  a  material  which  has  characters  indentical 
with  the  amyloid  substance  of  the  liver.  Now,  if  this  amy- 
loid substance  give  rise  to  sugar  in  one  situation,  it  may  be 
reasonably  asked,  why  should  it  not  do  so  in  others  ?  and, 
why  should  there  not  be  in  the  muscles,  and  the  cells  of 
the  cutaneous,  intestinal,  respiratory,  and  genito-urinary 
surfaces  of  the  foetus,  and  in  the  muscles  and  lungs  of  the 
adult,  a  glyco-genic  function  ? 

I  imagine  that,  under  the  existence  of  natural  circum- 
stances, the  circulation  takes  place  through  the  liver  without 
disturbing  the  amyloid  substance  contained  in  the  hepatic 
cells,  further  than,  perhaps,  just  a  trace  of  it  escaping  into 
the  bloodvessels,  and  thus  accounting  for  the  trace  of  sugar 
constantly  met  with  in  the  di£Perent  parts  of  the  circulatory 
system.  Amyloid  substance  cannot  be  mixed  with  the 
blood  without  being  transformed  into  sugar.  The  blood, 
whether  cuculating  in  the  body,  or  experimented  vrith  out 
of  the  body,  acts,  like  saliva,  as  an  energetic  ferment,  in 
converting  amyloid  substance  into  sugar.    The  injection 
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of  amyloid  substance  into  tlie  circulation  of  the  living 
animal  occasions  a  saccharine  state  of  the  blood  ;  and,  if 
enough  be  employed,  the  urine  may  be  rendered  strongly 
impregnated  with  sugar.  Hence,  it  is  only  necessary,  from 
some  circumstance  or  other,  for  the  amyloid  substance  to 
pass  from  the  liver  cells  into  the  blood,  and  a  saccharine 
state  of  this  fluid  is  the  immediate  result. 

It  can  hardly  be  conceived  necessary,  looking  to  the  cir- 
cumstances of  the  case,  that  the  liver  should  be  reputed  to 
enjoy  a  special  sugar-forming  function,  to  account  for  the 
presence  of  that  minute  quantity  of  sugar  met  with  in  the 
circulation  as  a  natural  occurrence.  Such  minute  quantity 
of  sugar  may,  indeed,  be  reasonably  regarded  as  simply  re- 
sulting from  the  operation  of  the  chemical  tendency  which 
the  amyloid  substance  happens,  as  it  were,  accidentally  to 
possess,  which  chemical  tendency  is  not  only  independent 
of,  but  even  opposed  to,  the  physiological  performance  of  the 
requirements  to  be  earned  out  by  the  liver. 

It  may  be  mentioned  that  the  circumstance  has  not  been 
overlooked,  that  although  the  quantity  of  sugar  found  in 
the  blood  of  the.  right  side  of  the  heart  is  extremely  small, 
yet,  supposing  this  small  quantity  to  have  just  wholly 
escaped  from  the  liver,  the  amount  of  sugar  reaching  the 
circulation  during  the  course  of  the  twelve  or  twenty-four 
hours  would  form  an  important  item  of  consideration. 
Such,  however,  is  not  what  has  taken  place.    The  sugar, 
small  in  quantity  as  it  is,  in  right-ventricular  blood,  has 
not  just  been  poured  into  the  circulation  from  the  hver. 
It  must  be  remembered,  that  the  blood  flowing  towards  the 
heart,  through  the  general  systemic  veins,  contains  sugar, 
and,  as  far  as  I  can  learn  from  the  reaction  of  our  tests,  to 
about  the  same  extent  as  the  cardiac  blood  itself.   So  that, 
sugar  having  once  arrived  in  the  circulation,  cu'culates  over 
*  and  over  again,  and  it  would  be  in  the  highest  degree 


THE  PHYSIOLOGICAL  EELATIOUS  OF  SUGAR. 


71 


erroneous  to  calculate,  from  the  amount  found  in  tlie  heart 
and  the  quantity  of  blood  passing  through  the  liver,  the 
extent  of  sugar  that  enters  in  a  given  time.  Even,  as  I 
have  stated,  the  blood  that  is  reaching  the  hver  is  charged 
with  sugar,  and,  as  I  have  already  mentioned,  in  some 
experiments  on  animal  feeders,  where  the  greatest  care 
was  exercised— where  every  precaution  was  taken  to  ob- 
tain the  specimens  in  the  state  naturaUy  belonging  to  life, 
there  was  no  appreciable  difference  of  reaction  discoverable 
between  the  portal  and  cardiac  blood. 

I  have  sought  for,  but  have  been  unable  to  obtain,  since 
I  became  aware  of  the  fallacy  to  which  our  former  mode  of 
experimenting  was  exposed,  evidence  of  sugar  undergoing 
destruction,  to  any  extent,  in  the  circulation.*  The  result 
of  experimental  research  in  my  hands  on  this  point,  as  it 
is  found  it  must  now  be  conducted,  decidedly  is,  that  if 
sugar  escape  from  the  hver,  it  is  to  be  detected  alike  m 
every  part  of  the  circulation.  It  is  possible,  however,  and 
even,  I  think,  probable  that,  without  being  susceptible  of 
appreciation  by  our  tests,  there  may  be  a  slight  amount  of 
transformation  of  sugar  into  lactic  acid  taking  place  in  the 

*  It  is  right  to  mention  that  I  ouce  entertained  a  different  opinion.  Partici- 
pating in  the  conviction  that  formerly  prevailed,  I  did  not  suspect  the  fallacy  to 
vrhich  our  former  method  of  experimenting  was  exposed.  I  believed  that  the 
blood  between  the  liver  and  lungs  was  as  strongly  saccharine  whilst  circulating 
during  life,  as  it  is  found  to  be  when  collected  a  short  time  after  death.  I  did 
not  know  that  an  interval  of  only  a  few  minutes  could  create  so  marked  a 
difference  in  the  composition  of  the  blood.  And,  when  I  met  with  blood  col- 
lected instantly  after  death  and  injected  through  the  vessels  of  an  artificially 
inflated  lung,  presenting  but  a  slightly  saccharine  character,  I  thought  that 
sugar  had  been  destroyed  by  some  change  induced  through  the  influence  of 
artificial  respiration.  It  was  by  continuing  ray  investigations  upon  this  sub- 
ject that  I  was  led  to  recognise  the  error  under  which  we  had  been  labouring. 
To  enable  me  to  obtain  blood  more  advantageously  circumstanced  for  injection, 
I  adopted  the  plan  of  procuring  it  by  means  of  a  catheter  passed  into  the  right 
side  of  the  heart  during  life.  I  need  not  here  enter  upon  the  unexpected  re- 
sults that  were  observed,  the  train  of  circumstances  that  followed  having  already 
received  attention  in  a  former  part  of  this  work. 
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blood  as  it  is  eirculatirig  through  the  diiferent  parts  of  the 
system ;  for,  if  saccl^ariiie  blood  be  allowed  to  decompose, 
the  sugar,  when  decomposition  has  fully  set  in,  gradually 
disappears,  and  the  blood  becomes  acid,  which  is  the  re- 
verse of  what  takes  place  when  a  specimen  has  been  taken, 
that  is  free  from  sugar.  The  changes  of  decomposition, 
I  apprehend,  have  excited  the  lactic  acid  fermentation,  pre- 
cisely, as  in  the  case  of  milk  that  has  turned  sour.  Now, 
I  see  no  reason,  although  I  can  bring  forward  no  actual 
proof  in  support  of  *it,  why  the  changes  going  on  in  the  blood, 
during  its  circuit  through  the  body,  may  not  act  in  the 
same  way  as  the  changes  of  decomposition,  and  occasion  a 
slow  production  of  lactic  acid,  from  the  trace  of  sugar,  that 
I  have  mentioned  as  being  found,  in  every  part  of  the  cir- 
culation. In  this  way  would  be  accounted  for,  the  pro- 
duction of  the  lactic  acid  that  is  required  for  digestion. 
Whatever,  however,  may  occur  of  this  kind,  must  be  of  an 
exceedingly  trifling  nature,  for  the  disappearance  of  sugar 
is  not  to  be  detected  in  any  particular  portion  of  the  system 
by  a  difference  in  behaviom^  of  the  blood. 

Sugar  cannot  exist  to  any  notable  extent  in  the  blood 
without  being  immediately  drawn  upon  and  separated  by 
the  kidneys, 'so  as  to  become  recognisably  present  in  the 
urine.  This  being  the  case,  the  process  of  sugar-formation 
would  prove  a  most  fruitless  one ;  and,  apart  from  other 
considerations,  it  is  not,  I  think,  to  be  conceded  as  probable, 
that  the  liver  should  produce  sugar  for  the  kidneys  after- 
wards to  get  rid  of. 

Reasoning  upon  what  has  preceded,  I  arrived  at  the 
conclusion  that  sugar  ought  to  be  found  to  a  slight  extent 
in  healthy  urine ;  and  in  one  of  the  Lettsomian  Lectm-es, 
published  in  the  lancet,'  December  22nd,  1860,  I  ex- 
pressed myself  in  the  following  terms  upon  the  subject 
- 1  should  say  even,  that  the  trace  of  sugar  which  is  natural 
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-  to  the  blood  throughout  the  body,  is  constantly  bemg 

-  drawn  upon  by  the  kidney ;  but  that  the  amount  for  re- 

-  nioval  is  so  small,  that  it  is  not  susceptible  of  detection  m 
"  the  urine.  Did  we  possess  more  perfect  means  of  detec- 
"  tion  than  we  do,  I  imagine  a  minute  trace  of  sugar  would 
"  be  reckoned  as  a  normal  constituent  of  the  urine.    I  am 

speaking  now  a  little  problematically,  but  what  I  have 
said  accords  with  a  principle  that  is  being  forcibly 
recognised  in  analytical  chemistry— namely,  that  the 
"  minuteness  of  diffusion  of  materials  through  the  different 

-  constituents  of  the  universe  exceeds  or  surpasses  our 
powers  of  detection." 

It  was  not  until  after  the  above  was  in  type  and  in  course 
of  publication  that  I  became  aware,  through  Dr.  Bence 
Jones's  paper,  read  at  the  Chemical  Society,  December 
20th,  1860,  and  published  in  its  '  Tranactions'  for  April, 
1861,  that  sugar  had  been  proved  experimentally  by 
Briicke  to  be  a  constituent  of  healthy  mine.    Dr.  Bence 
Jones's  exceedingly  complete  analytical  researches  on  this 
point  leave  nothing  to  be  desired.    He  confirms  Briicke's 
statement  by  evidence  so  striking  as  to  place  the  matter 
beyond  all  dispute.  To  me,  this  result  is  a  most  interesting 
and  important  one.  I  consider  it  affords  one  of  the  strongest 
arguments  that  could  be  adduced  against  sugar  being 
formed  and  poured  into  the  circulation  as  was  formerly 
supposed  to  be  the  case.    If  so  minute  a  quantity  of  sugar 
as  that  which  I  have  shown,  naturally  reaches  the  general 
circulation,  passes  off  to  a  recognisable  extent  in  the  urine, 
what,  it  may  be  asked,  might  be  reasonably  expected  to  be 
the  condition  if  a  large  quantity  instead  were  continually 
escaping  from  the  hver  ?    I  have  no  hesitation  in  saying, 
if  such  were  the  case,  that  we  should  all  be  labouring 
under  Diabetes  Mellitus. 

On  giving  attention  to  a  physical  character  which  the 
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amyloid  substance  possesses,  the  explanation  is  clear,  how, 
under  natural  circumstances,  it  resists,  as  it  does,  transuda- 
tion into  the  circulating  current,  where,  being  transformed 
into  sugar,  it  would  in  great  part,  if  not  entirely,  escape 
with  the  urine,  and  prove  useless.  It  is,  indeed,  most  in- 
teresting to  notice  how  the  amyloid  substance,  in  the  feeble 
property  of  diffusibility  it  enjoys,  presents  us  with  an  ex- 
emplification of  the  harmonious  adaptations  that  exist  in 
the  exercise  of  the  operations  of  nature. 

Looking  at  the  amyloid  substance  as  it  is  contained  in  the 
hepatic  cells,  and  reflecting  on  the  close  proximity  that  the 
blood  must  hold  to  it,  in  circulating  through  the  liver,  it 
may  be  reasonably  inquired,  how  it  is  that  it  does  not  pass, 
as  it  might  be  expected  to  do,  by  diffusion  into  the  blood- 
vessels— a  circumstance,  as  has  been  observed,  that  would 
conduce  to  render  the  blood  extensively  saccharine.  Now, 
it  happens,  as  I  have  discovered,  and  as  can  be  easily  verified 
by  experiment,  that  amyloid  substance  is  diametrically 
opposed  to  sugar  as  regards  its  susceptibility  of  diffusion. 
If  sugar  were  contained  in  the  liver  cells,  the  circulation 
could  not  take  place  through  the  organ  without  largely 
carrying  it  away,  on  account  of  its  being  so  readily  dif- 
fusible through  membranous  septa.  With  amyloid  sub- 
stance, on  the  other  hand,  there  is  a  resistance  to  traverse 
animal  membranes.  A  solution  of  sugar  and  amyloid  sub- 
stance being  placed  together  on  one  side  of  an  animal 
membrane  in  an  endosmotic  apparatus,  the  sugar  may  be 
observed  to  diffuse  itself  and  leave  the  amyloid  substance 
behind.  I  have  even  found,  under  the  pressm-e  of  a 
colunm  of  fluid  six  feet  high,  that  amyloid  substance  has 
resisted  passage  through  the  pores  of  an  ordinary  piece  of 
bladder.  It  is  on  account  of  this  low  diff'usibility,  I  pre- 
sume, that  we  experience  the  difficulty  we  do  in  filtering 
its  aqueous  solution.    The  coarse  pores  of  an  ordinary 
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filter  seem,  indeed,  to  offer  considerable  obstruction  to  the 
passage  of  this  principle.  That  the  amyloid  substance  can 
pass  however,  under  certain  circumstances,  through  a  thm 
membranous  septum  is  sufficiently  proved  by  the  fact,  that 
on  injecting  a  stream  of  water  through  the  vessels  of  the 
liver,  the  amyloid  substance  is  gradually  washed  out. 
Under  such  an  operation,  the  liver  becomes  extraordinarily 
swollen  and  oedematous. 

Albumen  is  another  material  which,  hke  amyloid  sub- 
stance, enjoys  a  low  diffusibility.    AVhen  a  solution  of  it  is 
submitted  to  experiment,  it  does  not  pass  through  a  thick 
membrane,  such  as  a  piece  of  bladder,  except  under  the 
influence  of  pressure.    With  a  column  of  fluid,  three  feet 
high,  the  albmnen  passes,  but  not  at  all  when  no  pressure 
is  employed.    This  property  of  albumen  is  doubtless  con- 
nected with  its  retention  in  the  bloodvessels.    It  is  not 
intended  that  a  material  so  necessary  as  a  pabulum  for  the 
nutrition  of  the  animal  tissues,  should  have  a  tendency,  like 
urea  and  sugar,  to  escape  from  the  blood  by  virtue  of  the 
physical  property  of  diffusibility.    For  a  corresponding 
reason,  I  apprehend,  the  amyloid  substance  agrees  in  this 
respect  with  albumen,  and  is  not  endowed  with  a  tendency 
to  diffuse,  because  it  is  not  naturally  designed  for  escape, 
as  such,  from  the  hepatic  cells  into  the  bloodvessels. 

The  amyloid  substance,  resisting  as  it  does,  passage  through 
animal  membranes,  and  having  therefore  no  tendency  to 
escape  from  the  hepatic  cells,  prevents  the  system  from 
being  saturated  with  sugar ;  for,  the  effect  of  amyloid  sub- 
stance reaching  the  circulation,  is  an  immediate  transforma- 
tion, through  the  catalytic  agency  of  the  blood,  into  sugar. 
Under  the  ordinary  course  of  events,  the  amyloid  substance 
can  neither  be  transformed  in  the  liver  into  sugar  nor 
escape  into  the  bloodvessels,  to  more  than  a  scarcely  appre- 
ciable extent,  because  of  the  state  which  the  blood  is  found 
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naturally  to  present.  But,  there  are  several  ways  in  which, 
by  experiinent,  such  a  deviation  from  the  ordinary  course  of 
events  may  be  occasioned  as  to  determine  a  flow  of  sugar 
into  the  blood,  that  shall  give  to  the  urine  a  strongly  sac- 
charine impregnation.  This  production  artificially  of  a 
diabetic  state  of  the  urine  may  be  conveniently  examined 
separately  under  the  following  heads  : 

1.  The  Circulation. 

2.  The  Blood. 

3.  The  Nervous  System. 

State  of  the  Circulation. — Under  normal  states  of 
the  circulation,  the  blood  passes  through  the  liver  without, 
certainly  in  any  material  degree,  disturbing  the  amyloid 
substance  contained  in  the  hepatic  cells.  The  amyloid  sub- 
stance, as  has  been  mentioned,  offers  resistance  to  travers- 
ing animal  membranes,  and  hence  its  retention  in  the  hver, 
notwithstanding  its  close  relation  to  a  circulating  current. 
Sugar,  with  its  strong  tendency  to  difi'use,  could  not  pos- 
sibly be  retained  under  similar  circumstances.  That  the 
amyloid  substance  can  be  made,  however,  to  escape  from 
the  liver  tissue  into  the  bloodvessels,  is  proved  by  the  effect, 
already  referred  to,  of  injecting  a  stream  of  water  through 
the  organ  after  death.  The  liver  swells  up  and  becomes 
exceedingly  oedematous,  and  the  water  which  has  passed 
through  is  more  or  less  charged  with  amyloid  substance. 
Suppose  such  an  escape  of  amyloid  substance  to  occur 
.  daring  hfe,  the  blood  will  be  thereby  rendered  saccharine, 
and  so  a  saccharine  state  of  the  urine  induced. 

Now,  may  it  not  be,  that  we  have  here  an  illustra- 
tion of  the  manner  in  which,  saccharine  urine  is  really 
occasioned  in  some  instances  ?  Violent  muscular  efforts, 
by  which  the  liver  is  compressed,  and  obstruction  to  the 
breathing,  by  which  the  circulation  is  interfered  with  and 
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congestion  produced,  will,  I  know,  as  a  matter  of  experience, 
occasion  a  highly  saccharine  state  of  the  blood.   In  the  case 
of  the  latter,  by  keeping  up  the  respiratory  disturbance— 
by  simply  limiting  the  supply  of  air  short  of  producmg 
asphyxia  for  an  hour,  I  have  rendered  the  urme  of  an 
animal  strongly  saccharine  ;  the  urine,  tested  before  the 
experiment  was  found  perfectly  devoid  of  sugar ;  whilst, 
after  the  experiment,  it  gave  a  copious  orange-yellow 
reduction  with  the  copper  solution.     Both  disturbances, 
as  far  as  the  liver  is  concerned,  are  of  a  physical  cha- 
racter ;  and  is  it  not  pm'ely  to  physical  circumstances 
that  the  unnatural  condition  observed  is  attributable  ? 
When  the  hver  is  compressed,  a  favourable  condition  is 
established  for  promoting  the  escape  of  its  amyloid  sub- 
stance ;  and  when  it  is  congested,  the  hepatic  cells  being 
submitted  to  compression,  such  condition,  may,  I  conceive, 
in  like  manner,  be  favourable  to  a  transudation  of  amyloid 
substance,  and  its  admixture  with  the  blood. 

In  the  human  subject,  saccharine  urine  has  been  noticed 
in  cases  attended  with  obstmction  to  the  proper  flow  of  blood 
through  the  system.  For  example,  it  has  been  observed 
in  whooping-cough,  coma,  and  pneumonia ;  and  I  look 
upon  it  here  as  entirely  referable  to  the  effect  of  the  altered 
physical  conditions  acting  upon  the  liver.  In  whooping- 
cough,  the  protracted  paroxysms  of  coughing,  not  only 
occasion  a  great  amount  of  venous  congestion,  as  is  indicated 
by  the  countenance  of  the  patient,  but  the  liver  must,  at 
the  same  time,  be  compressed  externally  by  the  violent  action 
of  the  abdominal  muscles.  In  coma  with  stertorous  breath- 
ing, the  impediment  to  the  circulation  of  blood  through  the 
lungs  produces  general  congestion  of  the  system,  and  in 
this,  the  vessels  of  the  liver  must  participate.  I  may  men- 
tion a  case  of  this  kind,  where  the  urine  was  found  quite 
strongly  saccharine.    A  man,  one  of  the  carpenters  of 
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Guy's  Hospital,  suddenly  fell  down  in  the  street  in  an 
apoplectic  fit.  As  there  was  great  hvidity  of  the  face,  with 
slow,  stertorous  breathing,  I  suggested,  about  eighteen  hours 
after  the  seizure  had  taken  place,  that  the  urine  should  be 
tested  for  sugar.  It  was  highly  albuminous,  and  gave, 
after  the  albumen  had  been  coagulated  and  separated,  a 
copious  reaction  with  the  copper  solution.  There  was  no 
evidence  that  this  person  had  saccharine  urine  previous  to 
the  occurrence  of  his  fit.  In  pneumonia,  where  a  large 
portion  of  the  lung  is  rapidly  involved,  the  patient  is  liable 
to  suffer  from  great  dyspnoea ;  and,  through  the  freedom  of 
the  circulation  being  interfered  with,  saccharine  urine  may 
be  occasioned  at  the  commencement  of  the  disease. 

After  division  of  the  pneumogastric  nerves  in  the  lower 
animals,  I  have  sometimes  observed  the  production  of  even 
strongly  saccharine  urine.  This  does  not  depend  upon  any 
direct  influence  that  division  of  the  nerves  has  upon  the 
liver,  but  upon  the  operation  effecting  such  a  diminution 
in  the  activity  of  the  respiratory  process,  as  to  occasion  a 
serious  impediment  to  the  natural  flow  of  blood  through 
the  system.  It  is  only  where  this  has  prominently  been 
the  case  that  the  sugar  has  been  recognised  in  the  urine. 

It  is  in  this  way,  that  I  believe  the  administration  of 
chloroform  acts,  when  it  determines  the  presence  of  sugar  in 
the  urine.  It  is  true,  chloroform  itself,  produces  some 
amount  of  reaction  with  the  copper  test ;  but  the  precipitate 
comes  down  in  a  rather  different  form,  and,  from  other 
considerations,  it  would  seem  to  be  to  sugar,  that  a  reaction 
obtained  from  urine  after  the  administration  of  chloroform, 
is  principally,  if  not  entirely  due. 

This  statement,  that  the  inhalation  of  chloroform  may 
produce  saccharine  urine,  is  not  a  new  one.  It  was  long  since 
mentioned  by  Reynoso  and  others  that,  after  the  inhalation 
of  ether  and  chloroform,  more  or  less  sugar  might  be  found 
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in  the  urine.  I  scarcely  thought,  however,  until  recently, 
that  the  effect  was  so  constant  and  so  marked  as  it  appears 
to  be.  A  result  was  one  day  obtained  in  my  laboratory, 
which  induced  me  to  seek  for  further  experience  on  the 
point.  Chloroform  was  being  administered  to  an  animal,  and, 
whilst  the  urine  which  escaped  at  the  commencement,  gave 
no  reaction  with  the  copper  solution,  that  withdrawn  about 
twelve  minutes  later,  produced  an  orange-yellow  reduction. 
The  animal  had  been  simply  kept  under  the  influence  of 
chloroform  during  this  time,  without  any  experiment  being 
performed. 

The  extent  of  time  during  which  an  animal  is  kept  under 
the  influence  of  chloroform,  seems  to  have  little  or  nothing 
to  do  with  the  amount  of  sugar  to  be  met  with  in  the  urine. 
In  an  instance  where  anaesthesia  was  kept  up  for  between 
three  and  four  hours,  there  was  only  at  the  end  of  this  time 
a  slight  amount  of  sugar  in  the  urine.  It  has  appeared  to 
me,  from  what  I  have  seen,  that  the  effect  has  been  depen- 
dent on  the  extent  of  struggling  and  congestion  attendant 
on  the  exhibition  of  the  anaesthetic,  rather  than  on  any- 
thing else. 

Upon  noticing  the  above-mentioned  occurrence,  where 
the  urine  became  so  rapidly  and  so  strongly  saccharine,  I 
thought  it  would  be  interesting  to  be  able  to  speak  per- 
sonally of  the  effect  of  chloroform  in  this  respect,  upon  the 
human  subject,  from  an  examination  of  the  urine  in  a 
number  of  cases  taken  indiscriminately  from  the  operating 
theatre  of  Guy's  Hospital.  My  pupil,  Mr.  Lamb,  who  has 
often  rendered  me  much  assistance  in  my  laboratory,  kindly 
undertook  to  collect  for  me  twenty  cases.  The  following  is 
a  list  of  them,  with  the  results.  They  were  procured  during 
the  summer  of  1861.  The  urine  examined  was  the  last 
passed  before,  and  the  first  passed  after,  the  inhalation  of 
chloroform. 
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Examination  of  the  urine  for  sugar  in  twenty  cases,  from  the 
operating  theatre  of  Guys  Hospital,  before  a7id  after  the 
inhalation  of  chloroform. 


iNO. 

NcUUC. 

Nature  of 
operation  for  which  chloroform 
administered. 

Urine  tested  w 
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1 
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0 
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action. 

3 
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No  reaction 
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action. 

A 

4 
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Slight  reaction 

Considerable 

reaction. 
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38 
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Considerable 
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c 
D 
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No  reaction 
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reaction. 

i 
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z5 
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No  reaction 
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Q 

0 
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OQ 
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9 

George  J — 

27 
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AT 

No  reaction 
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10 

John  H — 

33 
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Slight  reaction. 

11 
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AT                 i- '  «  ~ 

No  reaction 
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14 
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14 
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No  reaction 

Considerable 

reaction. 
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45 
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No  reaction 

Considerable 

reaction. 

20 

Charles  T— 

41 

Amputation  of  foot 

No  reaction 

Considerable 

reaction. 

THE  PHYSIOLOGICAL  RELATIONS  OE  SUGAR. 


81 


From  this  table  it  appears  that  out  of  twenty  cases  m 
which  chloroform  was  administered  for  anaesthetic  purposes, 
to  patients  undergoing  various  operations,  in  only  one 
(No.  10)  was  there  no  effect  upon  the  urine  discoverable. 
In  most,  the  reaction  afforded  after  the  inhalation  was 
a  considerable  one;  and  in  some,  quite  a  strong  one. 
In  four  of  the  cases,  it  will  be  observed,  the  urine  collected, 
before  the  administration  of  the  chloroform,  gave  a  shght 
indication  of  the  presence  of  sugar.    It  is  no  uncommon 
occurrence  for  the  urine  of  patients  to  behave  in  this  way, 
and  give  more  or  less  reaction  with  the  copper  solution, 
without  being  submitted  to  concentration  or  any  special 
process  of  preparation.    Mr.  Long  and  Mr.  Gibson,  whilst 
acting  as  clinical  reporters  at  Guy's  Hospital  for  Dr.  Rees 
and  Dr.  Gull,  tested  the  urine  of  a  large  number  of  patients 
labouring  under  various  complaints.  They  found  in  several 
cases,  and  particularly  in  cases  of  phthisis,  that  the  cop- 
per solution  afforded  a  more  or  less  strongly  marked 
reaction.    In  some  of  the  results  that  were  shown  to  me, 
quite  a  fair  amount  of  sub-oxide  deposit  had  been  thrown 
down. 

State  of  the  Blood. — I  apprehend  that  a  certain  state 
of  the  blood  circulating  through  the  liver  is  required  for 
the  proper  performance  of  its  functional  operations,  and 
that  certain  unnatural  states  of  it  may  cause  a  retrogression 
of  the  amyloid  substance  into  sugar.  A  supply  of  portal 
blood  seems  necessary  to  hold  in  check  the  saccharine  meta- 
morphosis ;  for,  strikingly  enough,  a  ligature  applied  to 
the  portal  vein  causes  the  blood  circulating  through  the 
system  to  present  a  strongly  saccharine  character. 

Let  us  pause  for  a  moment,  and  look  at  this  result  in 
reference  to  the  glyco-genic  theory.  It  will  hardly,  I  think, 
be  found  to  be  reconcilable  with  the  admission  of  the  doc- 
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trines  that  liave  given  to  the  Kver  a  sugar- forming  function. 
If  there  were  the  constant  production  and  flow  of  sugar 
from  the  Hver  through  the  hepatic  veins,  as  is  imphed 
under  the  glyco-genic  theory,  on  interrupting  the  principal 
stream  of  blood  through  the  organ,  it  would  certainly  be 
only  reasonable  to  expect  that  less  sugar  should  escape, 
and  less  sugar  be  found  in  the  circulatory  system.  Yet, 
as  the  result  of  actual  experiment,  it  would  appear, 
that  precisely  the  reverse  happens  to  be  the  case. 
Notwithstanding  the  current  is  so  reduced,  which  is  sup- 
posed to  be  carrying  sugar  into  the  general  circulation,  as 
a  part  of  a  particular  functional  operation;  the  amount 
of  sugar  now  reaching  the  circulating  fluid  is  actually 
very  greatly  increased.  Apparently,  in  accordance  with  the 
facts  of  the  case,  it  may  be  said,  that  the  ligature  of  the 
portal  vein  places  the  liver  in  an  unnatural  condition  :  that 
the  functional  working  of  the  organ  does  not  proceed, 
with  a  supply  only  of  arterial  blood,  in  the  manner  it  does, 
when  there  is  also  the  stream  of  portal  blood  to  exercise 
its  influence.  And,  as  the  result  of  this,  the  amyloid  sub- 
stance descends  into  sugar,  like  it  does  under  many  other 
unnatural  states  of  the  liver. 

Ligature  of  the  hepatic  artery  as  w^ell  as  the  portal  vein, 
causes  the  liver  to  become  strongly  impregnated  with  sugar 
during  life,  as  is  the  case  with  ligature  of  the  portal 
vein  only ;  but  the  blood  belonging  to  the  general  cir- 
culation remains  uninfluenced.  The  flow  of  blood  through 
the  liver  being  entirely  prevented,  no  opportunity  is 
afibrded  for  the  passage  of  the  sugar  into  the  system. 

The  introduction  of  an  acid  into  the  system  so  as  to  alter 
the  natural  quality  of  the  blood,  I  have  found  to  produce 
saccharine  urine.  This  effect  has  followed  the  injection  of 
phosphoric  acid  into  the  general  venous  system,  and  also 
its  introduction  into  the  intestinal  canal.    I  conceive  it  acts 
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by  altering  the  state  of  the  blood,  and  rendering  it  unsuited 
for  contributing  towards  a  natural  performance  of  the 
operations  carried  on  in  the  liver. 

Ur.  Harley,  some  years  since,  found  that  the  injection  ot 
small  quantities  of  ether  and  ammonia  into  the  portal  sys- 
tem determined  the  presence  of  a  certain  amount  of  sugar 
in  the  urine.  M.  Lecomte,  also,  has  noticed  that  saccharine 
urine  may  be  occasioned  by  the  administration  of  small 
doses  of  the  nitrate  of  uranium.  I  take  it,  again,  m  these 
cases,  that  the  functional  working  of  the  liver  is  disturbed 
through  the  medium  of  the  fluid  traversing  its  vessels. 

State  of  the  Nervous  System. -By  depriving  the 
liver  of  the  force  it  naturally  derives  from  the  nervous  sys- 
tem, the  chemical  tendency  of  its  amyloid  substance  to 
transform  into  sugar  ceases  to  be  held  in  check  ;  and  thus 
a  saccharine  state  of  the  whole  system  may  be  rapidly  in- 
duced.   A  diabetic  condition  of  the  urine  may,  indeed,  be 
occasioned  by  simply  destroying  life  and  keeping  up  the 
circulation  artificially  for  a  time.    The  life  of  an  animal,  for 
example,  is  destroyed ;  the  chemical  tendency  of  the  amy- 
loid  substance  is  allowed  to  come  into  play.    Sugar  is 
immediately  formed  in  the  hver,  and  diffuses  itself  into  the 
blood-vessels.    It  is  only  now  necessary  for  the  circulation 
to  be  maintained,  and  a  saccharine  state  of  the  urine  will 
be  produced.    The  cii'culation  is  easily  kept  up  after  death 
by  the  performance  of  artificial  respiration;  and  w^here 
this  has  been  carried  out,  it  has  been  found,  as  above 
mentioned,  that  the  sugar  formed  in  the  liver,  as  the  result 
of  a 2i08t-mortem  occurrence,  has  been  carried  to  the  kidney 
and  eliminated  with  the  urine.    One  hour's  performance 
of  artificial  respiration  has  sufficed  to  give  a  fair  quantity 
of  urine  presenting  a  highly  saccharine  character. 

In  the  result  that  has  just  been  referred  to,  life  has  been 
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supposed  to  have  been  removed  by  tbe  destruction  of  the 
medulla  oblo/tf/a/a.  The  experiment,  however,  is  attended 
with  the  same  effect,  when  death  is  occasioned  by  poisoning 
with  agents  capable  of  acting  rapidly  through  the  cerebro- 
spinal system.  Bernard  has  stated,  and  my  own  experience 
confirms  the  accuracy  of  the  statement,  that  after  killing 
with  the  woorali  poison,  if  the  circulation  be  kept  up  by 
the  performance  of  artificial  respiration,  the  urine  is 
rendered  strongly  saccharine.  I  have  also  found,  that  in 
substituting  strychnine  for  the  woorali,  the  effect  is  identi- 
cally the  same. 

Some  time  since,  the  striking  announcement  was  made 
that  artificial  diabetes  could  be  produced  by  a  slight  punc- 
ture made  in  a  certain  part  of  the  medulla  oblongata.  Ber- 
nard's statement  was  soon  confirmed  by  others,  and  this 
interesting  result  was  looked  upon  as  adding  another  link 
to  the  evidence  in  support  of  the  glyco-genic  theory.  The 
spot  that  it  is  necessary  to  reach,  to  produce  this  effect  is  an 
exceedingly  hmited  one,  but  when  the  experiment  has  been 
successfully  performed,  the  urine  in  about  an  hour,  or  even 
in  a  less  time  than  this,  is  rendered  strongly  saccharine. 
This  saccharine  quality,  however,  is  only  of  a  temporary 
duration,  never  lasting  beyond,  at  the  outside,  the  extent 
of  a  few  days.  It  was  considered  by  Bernard,  that  the 
effect  resulted  from  an  exaltation  of  the  glyco-genic 
function,  through  an  irritation  of  the  centre  belonging 
to  the  pneumogastrics.  From  what  has  preceded,  it  will 
be  evident,  that  I  cannot  admit  the  accuracy  of  such  a 
conclusion.  The  instrument  for  making  the  puncture  is 
provided  with  a  couple  of  cutting  edged  shoulders,  and 
produces  an  incision  into  the  nervous  substance,  which 
I  regard  as  creating  a  loss,  instead  of  an  exaltation,  of  ner- 
vous influence.  I  look  upon  this  operation  as  acting  in 
the  same  way  as  complete  division  of  the  medulla  oblongata. 
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In  the  latter,  however,  other  processes  besides  those  be- 
longing to  the  hver,  are  interfered  with,  and  artificial 
means^'are  required  for  keeping  up  the  circulation  to  ob- 
tain a  diabetic  state  of  the  urine. 

Although  division  of  the  medulla  oblongata  leads  to 
the  production  of  saccharine  urine  when  the  circulation  is 
kept  up  artificially,  yet  such  is  not  the  case  with  division 
of  the  spinal  cord.  Saccharine  urine  is  certainly  not  pro- 
duced by  division  of  the  spinal  cord  below  the  origin  of 
the  phrenic  nerves,  after  which,  the  animal  is  able  to  breathe 
without  assistance.  And,  when  the  cord  even  has  been 
divided  as  high  up  in  the  canal  as  between  the  second 
and  third  cervical  vertebrae— an  operation,  after  which, 
like  after  division  of  the  medulla  oblongata,  the  employment 
of  artificial  respiration  is  required  to  maintain  the  circula- 
tion no  sugar,  according  to  my  experience,  has  been  dis- 
coverable in  the  urine. 

Again,  the  brain  does  not  seem  to  exercise  the  same 
influence  over  the  state  of  the  liver  as  the  medulla  oblongata. 
It  is  true,  I  am  not  enabled  to  speak  in  quite  such  positive 
terms  with  respect  to  this  organ ;  but  my  experiments  in- 
duce me  to  believe  that  its  functional  influence  may  be 
removed  without  placing  the  liver  in  the  condition  notice- 
able after  actual  death,  or  after  division  of  the  medulla 
oblongata.  In  operating  on  the  brain,  circumstances  are 
apt  to  arise  that  may  comphcate  the  result.  Where,  how- 
ever, there  has  been  the  least  compKcation,  I  have  observed 
that  the  urine  has  remained  devoid  of  sugar,  after  a  complete 
separation  of  the  brain  proper  from  the  other  parts  of  the 
nervous  centre,  by  division  of  the  crura  cerebri  ]mi  in  front 
of  the  pons  varolii. 

Looking  to  what  I  have  just  stated,  the  natural  inference 
seems  to  me  to  be,  that  the  cerebro-spinal  system  gives  to 
the  liver  during  life,  a  force  or  a  condition,  which  it  does 
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not  possess  after  death ;  and,  that  the  part  of  the 
cerebro-spinal  system  particularly  connected  with  this 
purpose  is  the  medulla  oblongata. 

Regarding  the  medulla  oblongata,  then,  as  a  centre,  either 
directly  presiding  over  the  functional  activity  of  the  liver — 
giving  it  a  force  capable  of  holding  in  check  the  chemical 
tendency  of  its  amyloid  substance  to  transform  into  sugar — 
or  indirectly  affecting  it,  by  altering,  through  the  medium 
of  another  or  other  organs,  the  condition  of  the  blood  going 
to  it ;  I  determined  to  look  for  the  channel  through  v^^hich 
its  influence  might  be  transmitted  downwards.  It  was, 
whilst  working  with  such  an  object  before  me,  that  I  was 
led  to  discover,  that  a  strongly  diabetic  state  of  the  mine 
might  be  rapidly  occasioned  by  injuring  or  dividing  certain 
portions  of  the  sympathetic  nen^ous  system. 

Supposing  a  force  to  start  from  the  medulla  oblongata  for 
the  purpose  I  have  mentioned,  I  premised  that  its  transit  to 
the  liver  could  not  be,  at  least,  exclusively  through  either 
the  spinal  cord  or  the  pneumogastrics,  as  division  of  each 
had  been  frequently  practised  without  any  diabetic  effect 
having  been  produced.  But  the  result  of  dividing  both 
cord  and  pneumogastrics  had  not,  as  far  as  I  am  aware, 
been  ascertained.  I  therefore  started  at  this  point,  and 
first  performed  that  experiment.  I  found,  however,  that  it 
was  unattended  with  any  appearance  of  sugar  in  the  urine. 
In  the  operation  that  was  performed,  the  division  of  the  cord 
was  effected  between  the  third  and  fourth  cervical  ver- 
tebrse,  so  that  artificial  respiration  had  to  be  resorted  to. 

Although  no  diabetic  effect  was  observed  after  division 
of  the  cord  and  pneumogastrics  together,  yet,  after  di- 
vision of  everything  belonging  to  the  nervous  system  in 
the  neck,  as  by  decapitation,  the  urine  became  in  a  very 
short  time  strongly  saccharine,  the  circulation  being  kept 
up  by  the  performance  of  artificial  respiration. 
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The  results  obtained  in  these  experiments  tended  to  con- 
firm the  notion  I  had  commenced  with.  Complete  separa- 
tion of  the  medulla  oblongata  from  any  possible  connexion 
with  the  liver  produced  a  saccharine  state  of  the  system, 
whilst  division  of  the  cord  and  pneumogastrics  did  not. 
Now,  might  not  the  sympathetic,  which  also  runs  through 
the  neck,  form  the  medium  of  communication  sought  for  ? 
This  was  the  next  question  that  naturally  suggested  itself, 
and  had  to  be  answered  by  experiment. 

Division  of  the  carotid  sympathetic— that  portion  of  the 
sympathetic  system  which  passes  down  from  the  superior 
cervical  ganglion  in  front  of  the  vertebral  column  towards 
the  chest— is  an  old  experiment,  and  one  that  has  often 
been  performed  by  physiologists,  on  account  of  the  interest 
it  presents  in  connexion  with  the  production  of  heat.  It  does 
not,  however,  occasion  any  perceptible  effect  on  the  urine. 

But,  there  is  yet  another  portion  of  the  sympathetic  sys- 
tem running  through  the  neck ;  and  this,  previous  to  the 
prosecution  of  the  present  inquiry,  had,  so  far  as  I  know, 
enjoyed  immunity  from  special  attack  by  the  experimentalist. 
This  portion,  consisting  of  the  filaments  accompanying  the 
vertebral  artery,  might  constitute  the  channel  I  was  search- 
ing for.  I  therefore  determined  to  effect  a  division  of  it,  and, 
my  first  experiment  resulted  in  rapidly  occasioning  a  highly 
saccharine  state  of  the  urine. 

Thus  consisted,  the  origin  of  my  experiments  on  the' 
sympathetic,  in  connexion  with  the  production  of  artificial 
diabetes.  Such  was  also  the  process  of  reasoning  that 
led  me  to  the  point.  The  evidence  afforded  by  certain 
experiments  had  induced  me  to  believe  that  the  medulla 
oblongata  in  some  way  or  other  presided  over  the  func- 
tional activity  of  the  liver,  so  as  to  overcome  the  tendency 
of  its  amyloid  substance  to  transform  into  sugar  in 
obedience  to  the  operation  of  the  unopposed  forces  of 
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chemistry.  I  thought  there  must  be  a  channel  of  nervous 
communication  between  centre  and  organ,  which,  if 
interrupted,  would  place  the  Hver  in  the  same  condition 
as  it  is  after  death  ;  and,  on  experimenting,  I  found,  that 
dividing  the  vertebral  portion  of  the  sympathetic  actually 
occasioned  saccharine  urine. 

Upon  witnessing  this  result,  I  was  naturally  inclined  to 
hope,  that  everything  had  now  been  made  clear.  Although, 
however,  it  is  a  fact,  which  I  have  repeatedly  verified,  that 
lesion  of  the  vertebral  filaments  of  the  sympathetic  may 
produce  saccharine  mine;  yet,  subsequent  research  has 
brought  to  light  other  facts  which  do  not  harmonise  with 
the  notion  that  conducted  me  to  the  experiments,  but 
show,  that  our  knowledge  upon  the  subject  must  still  be 
regarded  as  incomplete. 

The  effect  on  the  urine,  produced  by  lesion  of  the  ver- 
tebral portion  of  the  sympathetic,  is  an  exceedingly  rapid 
one.  Division  of  the  filaments  ascending  from  the  superior 
thoracic  ganglion  towards  the  vertebral  canal  on  each  side 
of  the  neck,  has  given  rise  to  mine,  in  half  an  hour's  time, 
so  highly  charged  with  sugar  as  to  occasion  a  copious  yellow 
reduction  with  the  copper  solution.  In  an  experiment, 
where  the  filaments  on  one  side  of  the  neck  only,  were  at 
first  divided,  the  urine  at  the  end  of  an  hour  and  a  half, 
gave  only  a  trace  of  saccharine  reaction.  The  filaments  on  the 
other  side  of  the  neck  being  then  divided,  in  half  an  hour's 
time,  the  urine  had  become  intensely  charged  with  sugar. 

It  may  be  mentioned,  that  division  of  these  filaments 
belonging  to  the  superior  thoracic  ganglion,  always  oc- 
casions a  fatal  pleurisy.  The  inflammation  evidently  results 
from  the  injury  inflicted  on  the  sympathetic,  because,  when 
the  nerves  have  escaped  being  divided,  as  has  sometimes 
happened,  owing  to  the  difficulty  in  seeing  them,  there  has 
been  no  pleurisy  set  up. 
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On  following  the  vertebral  filaments  upwards,  and  dividnig 
them  in  difi-erent  parts  of  their  course  through  their  canal,  a 
circumstance  was  noticed,  the  explanation  of  which,  I  must 
own  I  cannot  at  present  conceive.  In  my  first  experiments 
as  I  thought  it  was  useless  to  attempt  to  tie  the  vertebral 
arteries  after  entering  their  canals,  and  as  I  could  not  isolate 
the  sympathetic  so  as  to  efi'ect  its  division,  without  divid- 
ing also  the  associated  vessels;  I  considered  it  best,  to 
hg°ature  the  two  vertebrals  before  reaching  their  canals,  and 
likewise  the  two  carotids,  on  account  of  the  freedom  of 
anastomosis  existing  above. 

It  might  have  been  imagined  that  on  suddenly  arresting 
these  four  streams  of  blood  to  the  head,  considerable  dis- 
turbance of  the  cerebral  functions  would  have  been  pro- 
duced.   Such,  however,  was  not  the  case ;  indeed,  scarcely 
any  visible  effect  was  perceptible.    Now,  it  happened, 
where  these  vessels  had  been  tied,  that,  on  afterwards 
cutting  or  tearing  through  all  the  structures  in  the  verte- 
bral canal  on  each  side  of  the  neck,  a  strongly  saccharine 
state  of  the  urine  was  rapidly  induced.    Por  the  production 
of  this  effect,  however,  the  deligation  of  the  arteries  proved 
an  indispensable  part  of  the  experiment ;  although,  when 
this  operation  alone  was  performed,  no  diabetic  result  was 
observed. 

To  repeat,  the  conclusions  furnished  by  the  several  ex- 
periments performed,  stood  thus  :  Careful  deligation  of  the 
two  vertebral  (below  their  canal)  and  two  carotid  arteries 
did  not  occasion  saccharine  urine ;  nor,  did  simply  tearing 
through  everything  traversing  the  vertebral  canal  on  either 
side  of  the  neck — an  operation  that  I  found  might  be  per- 
formed without  any  material  loss  of  blood  being  occasioned. 
When  these  two  operations,  however,  were  combined,  sugar 
rapidly  appeared  in  the  urine.  As  I  have  said,  I  must 
confess,  that  I  do  not  see  the  rationale  of  these  results, 
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but  it  was  some  time  before  I  could  even  make  out  anything 
at  all  definite  towards  reconciling  the  effects  of  the  different 
experiments. 

Lesion  of  other  parts  of  the  sympathetic  besides  its  verte- 
bral filaments,  will  occasion  saccharine  m-ine.  Although 
division  of  the  carotid  sympathetic,  in  its  course  through 
the  neck,  does  not  produce  any  effect,  yet  removal  or  injury 
of  the  ganglion  above — the  superior  cervical  ganglion — may 
cause,  in  a  very  short  time,  the  urine  to  be  strongly  charged 
with  sugar.  In  one  experiment,  where  I  removed  the 
ganglion  of  the  right  side  only  at  first,  the  urine  became  in 
an  hour's  time  intensely  saccharine.  As  an  effect  of  the 
operation  also,  the  ear  on  the  right  side  was  rendered 
3°  (Fahr.)  warmer  than  the  other,  the  pupil  more  con- 
tracted, and  the  nostril  drier.  On  the  following  day,  the 
urine  was  still  saccharine.  The  next  day,  however,  the 
sugar  had  disappeared,  and  on  the  day  succeeding  this,  the 
urine  not  being  saccharine,  the  ganglion  of  the  left  side 
was  removed.  In  half  an  hour's  time,  the  urine  had  again 
become  strongly  charged  with  sugar. 

The  following  is  the  amount  of  sugar  found  upon 
analysis  in  two  experiments,  where  both  ganglia  were  re- 
moved at  once.  In  one,  the  urine,  half  an  hour  after  the 
operation,  contained  20  5  grains  of  sugar  to  the  fluid  ounce, 
and  two  hours  after,  11 '4  grs.  In  the  other,  22-86  grs. 
per  ounce  one  hour  and  twenty  minutes  after,  and  34-08 
grs.  half  an  hour  later. 

There  has  been  much  diversity  in  the  results  of  the  ex- 
periments that  I  have  conducted  upon  the  sympathetic 
system  in  the  chest  below  the  superior  thoracic  ganglia. 
Division  on  one  side  has  sometimes  produced  as  rapid  and 
strongly  marked  a  diabetic  effect,  as  has  occurred  after  the 
other  lesions  of  the  sympathetic,  to  which  I  have  referred. 
At  other  times,  however,  there  have  been  only  traces  of 


THE  PHYSIOLOGICAL  RELATIONS  OF  SUGAR. 


91 


sHcar  discoverable  in  the  urine ;  and  at  other  times  again, 
none  at  all.  I  have  not  fonnd  that  the  diabetic  eftect  has 
been  more  frequently  produced  by  division  on^^*^  ^^^^^^^^ 
than  by  division  on  one  side  only ;  nor,  have  I  found  that 
any  difference  has  been  made  by  which  particular  part  ot 
the  sympathetic  throughout  its  course,  has  been  attacked 

In  the  case  of  the  rabbit,  diabetes  is  not  so  readily  estab- 
lished  by  injuring  the  sympathetic  as  it  is  m  the  dog.  i  he 
superior  cervical  gangha  are  conspicuous  bodies  and  easily 
reached  Their  removal  in  the  healthy  and  vigorous  animal 
occasions  saccharine  urine,  although  the  effect  is  not  pro- 
duced with  anything  like  the  rapidity  that  I  have  noticed 
in  the  dog.  I  have  tried  to  divide  the  sympathetic  at  the 
lower  part  of  the  neck,  but  have  met  with  difficulties  m 
the  performance  of  the  operation  that  have  prevented  me 
from  possessing  a  record  of  a  fair  experiment  to  speak  of. 

The  diabetes  resulting  from  all  these  operations  on  the 
sympathetic  is  quite  of  a  temporary  character.  What  the 
chain  of  phenomena  is  that  determines  the  effect,  constitutes 
the  important  problem  that  yet  presents  itself  for  solution. 
But,  I  have  now  strong  reason  to  believe,  that  it  does  not 
depend,  as  I  originally  was  inclined  to  think,  on  a  simple 
interruption  to  the  ^transmission  of  nervous  force  between 
the  medulla  oblongata  and  the  liver. 

I  consider  it  an  interesting  and  important  fact,  that  the 
introduction  of  a  sufficient  quantity  of  carbonate  of  soda 
(200  grains)  into  the  circulatory  system,  previous  to  injur- 
ing the  sympathetic,  checks  the  production  of  diabetes. 
This  I  have  over  and  again  verified  in  the  case  of  the 
superior  cervical  gangha.  It  is  true,  it  must  be  borne  in 
mind,  that  a  diabetic  effect  does  not  universally  follow 
removal  of  these  ganglia,  where  no  injection  of  carbonate 
of  soda  into  the  blood  has  been  resorted  to ;  but  it  generally 
does  so:  where,  however,  the  injection  has  been  pre- 
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viously  employed,  I  can  confidently  look  for  an  absence  of 
any  diabetic  effect.  Tn  the  experiments  I  have  conducted, 
also,  upon  dividing  the  vertebral  filaments  of  the  superior 
thoracic  ganglia,  after  the  introduction  of  carbonate  of  soda 
into  the  system,  the  result  has  been  identically  the  same. 

Such  are  modes  in  which  saccharine  urine  may  be  ex- 
perimentally induced  amongst  the  lower  animals.  It  is 
thus  evident,  that  there  is  a  variety  of  ways  in  which  the 
same  effect  may  be  occasioned,  and,  I  think  it  probable, 
that  in  all,  it  may  be  subsequently  proved  to  arise  from  a 
disturbance  of  the  functional  operations  carried  on  in  the 
liver.  Sugar  escaping  from  the  organ,  contrary  to  the 
natural  order  of  occurrences,  and  reaching  the  circulation 
must,  in  obedience  to  physical  laws,  be  eliminated  with 
the  urine.  It  is  to  saccharine  urine  as  it  occurs  in 
the  human  subject  constituting  diabetes,  that  I  shall  now 
proceed  to  direct  attention,  and  I  propose  to  speak  of  it 
under  the  several  heads  of  its  seat,  cause,  symptoms  or 
manifestations,  and  treatment. 


PART  III. 


v. 


On  the  Pathology  and  Treatment  of  Diabetes. 

Diabetes  is  the  point,  to  the  elucidation  of  which,  the 
contents  of  the  preceding  pages  have  been  directed.  A 
long  introductory  preface,  it  is  true,  has  been  required  to 
arrive  at  the  point  that  has  now  been  reached  ;  but,  as  it  is 
upon  a  correct  physiology  that  a  knowledge  of  the  disease 
must  be  based,  I  have  considered  it  necessary  to  enter  as 
fully  as  I  have  done  into  the  foregoing  physiological  details. 

The  disease  consists  of  a  defective  performance  of  one  of 
the  functional  operations  of  life  ;  and,  unless  our  data  are 
correct  concerning  the  nature  of  the  occurrences  that  nor- 
mally take  place,  it  is  not  likely  that  we  can  form  a  just 
estimation  of  the  manner  in  which  the  function  is  at  fault. 
I  believe  the  experimental  evidence  I  have  adduced  will  have 
the  effect  of  carrying  us  back  to  the  views  entertained  pre- 
vious to  the  promulgation  of  the  glyco-genic  theory,  which 
I  cannot  help  thinking,  therefore,  has  been  leading  us  astray 
for  some  time  past.  My  experiments  decidedly  tend  in 
the  main  to  confirm  the  opinions  expressed  by  our  country- 
man, Dr.  Prout;  from  which,  attention  has  been  diverted  by 
the  doctrines  of  glyco-genesis.  Our  ideas  in  connection 
with  the  pathology  of  diabetes  have  been  lately  running 
upon  sugar  secretion  in  the  liver,  and  sugar  destruction  in 
the  lungs — processes  not  having  in  reality  the  existence  that 
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has  been  latterly  supposed  ;  but  founded  on  experiments 
that  prove  to  be  fallacious. 

A  preliminary  investigation  of  the  relations  of  sugar  in 
the  animal  system  has  always  appeared  to  me  of  the  first 
importance  in  the  study  of  diabetes ;  for,  I  have  not  seen 
how  we  could  reasonably  expect  to  make  any  real  advance 
in  the  pathology  of  the  complaint,  until  the  physiology  of 
the  subject  should  be  established  upon  a  correct  and  sub- 
stantial footing.    It  is  true,  the  cause  of  diabetes  might  be, 
perchance,  accidentally  discovered ;  but,  unless  our  know- 
ledge of  the  phenomena  naturally  in  occurrence  be  correct, 
we  cannot,  I  repeat,  expect  to  have  any  accurate  idea  of 
the  manner  in  which  the  effect  is  produced.    For  this 
reason,  I  have  felt  that  I  could  not  justifiably  curtail  the 
space  that  has  been  devoted  to  the  discussion  regarding 
glyco- genesis.    The  facts  I  have  revealed  have  thoroughly 
satisfied  my  own  mind ;  and  I  cannot  do  otherwise  than 
think  that  the  present  glyco-genic  theory  must  be,  sooner 
or  later,  entirely  abandoned.     The  theory,  in  fact,  is 
founded  upon  the  condition  of  the  liver  and  blood,  dis- 
coverable by  an  ordinary  examination  after  death.  And, 
the  result  of  such  an  examination,  as  1  have  shown,  is  not 
in  accordance  with  the  ante-mortem  or  physiological  state. 
It  must,  therefore,  be  discarded  from  om^  consideration  in 
forming  a  notion  of  what  naturally  occurs  during  Hfe. 

The  theory  founded  upon  the  doctrine  of  glyco-genesis, 
referred  diabetes  ;  either,  to  a  pro^duction  of  sugar  in  excess 
of  its  capacity  for  destruction ;  or,  the  production  remain- 
ing the  same,  to  an  interference  with  its  normal  extent  of 
disappearance.  But,  the  production  of  sugar  specially  for 
subsequent  destruction  in  the  system  must,  if  what  I  have 
brought  forward  prove  substantial  and  true,  be  now  left  out 
of  sight  in  the  matter.  There  ought  to  be  no  sugar  of  any 
consideration  in  the  blood,  and,  should  there  be  any,  it  may 
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be  considered  as  resulting  from  some  unnatural  circum- 
stance leading  to  its  production,  and  will  immediately 
occasion,  according  to  the  extent  of  its  presence,  a  more  or 
less  highly  saccharine  condition  of  the  urine.  Even  the 
saccharine  element  derived  from  our  food,  ought  to  be 
assimilated  and  prevented  from  entering  as  such  the  general 
circulation.  No  matter  from  what  source  the  sugar  may  be 
derived,  the  result  of  experimental  evidence  decidedly  is,  that 
whenever  it  reaches  the  general  circulation,  it  is  sure  to  be 
pumped  off  with  the  urine.  There  is  no  process  by  which, 
in  any  part  of  the  circulatory  system,  sugar  is  known  to 
undergo  any  distinctly  appreciable  extent  of  destruction. 
Sugar  that  has  once  escaped  from  the  liver  is  to  be  de- 
tected alike  in  the  blood  throughout  its  whole  circuit. 

There  is  not  a  shadow  of  proof,  as  far  as  I  am  aware,  to 
show  that  sugar  is  susceptible  of  direct  oxidation  in  the 
economy ;  or,  that  as  sugar  it  is  capable  of  immediate  ad- 
ministration towards   the  maintenance  of  animal  heat. 
Liebig's  theory  about  the  combustion  of  sugar  during 
respiration  tallied  admirably  with  the  doctrine  of  glyco- 
genesis ;  because,  it  provided  a  mode  of  usefully  disposing 
of  the  material  supposed  to  be  so  extensively  produced  by 
the  liver  and  poured  into  the  blood  on  its  way  to  the  lungs, 
where  it  was  to  be  applied  towards  the  service  of  heat  pro- 
duction.   It  must  be  stated,  however,  that  such  a  theory 
has   no  foundation    in    fact.    Although   the  briUiancy 
and  feasibihty  of  Liebig's  ideas,  made  so  many  con- 
verts to  his  physiological  views,  at  the  time  they  were 
first  propounded,  yet,  upon  the  point  in  question,  Dr. 
Prout  stood  forth  as  a  stout  opponent,  as  is  evident  from 
the  following  passage  found  as  a  note  at  p.  459,  in  the 
fifth  edition  of  his  work  on  Stomach  and  Renal  Diseases  : 
"  The  reader  will  observe  that  in  the  above  as  well  as  in 
"  other  parts  of  this  volume,  I  have  advanced  an  opinion 
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"  regarding  saccharine  aliments  totally  at  variance  with 
"  the  prevailing  doctrine  of  the  day,  viz.,  that  the  only  use 
"  of  the  saccharine  class  of  aliments  is  to  form  animal  heat 
"  by  combustion  in  the  lungs.  I  regard  this  hypothesis  in 
"  its  literal  and  general  sense,  as  utterly  at  variance  with 
"the  experience  and  common  sense  of  mankind ;  and  have 
"  no  doubt  that  future  physiologists  will  look  back  with 
"  wonder  that  anything  so  absurd  should  have  been  ad- 

"  vanced,  much  less  adopted,  in  the  present  *  enlightened ' 

it  " 
age. 

Not  only  did  Liebig's  theory  of  sugar  combustion  use- 
fully harmonise  with  the  doctrines  of  glyco-genesis,  but  a 
portion  of  the  experimental  evidence  brought  forward  in 
connection  with  glyco-genesis  seemed  to  show  that  a  de- 
struction of  sugar  really  took  place  in  the  lungs  ;  and  thus, 
that  Liebig  was  supported  in  his  view.  It  has  been  ex- 
plained, however,  how  the  evidence  in  support  of  sugar 
destruction  in  the  lungs  has  rested  upon  a  fallacious  mode 
of  experimenting.  Acting  upon  the  present  knowledge  we 
possess  of  the  sources  of  error  to  avoid,  it  can  no  longer  be 
found  that  there  is  any  difference  discoverable  in  the  blood 
on  either  side  of  the  lungs.  Whatever  sugar  may  be  pre- 
sent in  the  blood  of  the  right  side  of  the  heart  will,  as  far 
as  can  be  shown  by  analysis,  be  found  to  the  same  extent 
after  this  blood  has  traversed  the  lungs  and  reached  the 
arterial  system.  Hence,  if  the  liver  possessed  a  sugar- 
forming  function  in  accordance  with  the  glyco-genic  theory, 
the  urine  of  us  all  would  always  present  a  strongly  saccha- 
rine character.  There  not  being  the  destruction  of  sugar 
going  on  in  the  lungs  that  was  formerly  supposed,  it  is  ap- 
parent, that  whatever  sugar,  no  matter  from  what  source, 
that  reaches  the  general  circulation,  must  be  distributed 
through  the  system  with  the  arterial  blood.  Sugar  would 
thus  be  circulating  through  the  kidney ;  and,  on  account 
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of  its  diffiisibility,  could  not  fail  to  escape  and  occasion  a 
more  or  less  saccharine  state  of  the  urine  according  to  the 
existing  saccharine  quality  of  the  blood. 

Even  the  trace  of  sugar  found  naturally  in  the  con- 
tents of  the  circulation,  can  be  shown  to  be  perceptibly 
drawn  upon  by  the  kidney ;  for,  Dr.  Bence  Jones's  experi- 
ments, in  confirmation  of  those  of  Prof.  Briicke,  most 
satisfactorily  prove,  that  a  minute  quantity  of  sugar,  must 
now  be  ranked  as  one  of  the  constituents  of  healthy 
urine. 

The  fact  of  sugar  being  susceptible  of  recognition  as  a 
minute  constituent  of  healthy  urine,  I  look  upon  as  afford- 
ing very  strong  evidence  against  the  validity  of  the  glyco- 
genic theory.  If  the  trace  of  sugar  naturally  existing  in 
the  blood  cannot  evade  elimination  from  the  system  with 
the  urine ;  what,  it  may  be  asked,  might  reasonably  be  ex- 
pected to  occur,  if  sugar  were  extensively  manufactured  for 
constant  passage  from  the  liver,  as  was  formerly  supposed  ? 
Sugar  in  quantity  arriving  in  the  general  circulation  would 
render  us  all  inevitably  Diabetics.  For  the  existence  of  a 
glyco-gonic  function,  such  as  we  have  latterly  believed  in, 
there  must  needs  be  also,  a  corresponding  existence  of  a 
process,  by  which  the  sugar  may  be  rapidly  and  effectually 
disposed  of  advantageously  to  the  system  after  entering 
the  circulation.  For  the  occmTence,  in  fact,  of  sugar 
production  in  the  liver,  there  must  be  a  corresponding 
capacity  for  sugar  destruction  in  the  blood,  before  the 
kidneys  are  reached ;  or  else,  in  compliance  with  phy- 
sical laws,  the  sugar  will  escape  with  the  lu-ine  and  thus 
prove  an  unserviceable  material  as  far  as  the  economy  of 
life  is  concerned. 

Looking  to  the  experimental  results  that  have  been  men- 
tioned in  the  physiological  part  of  this  work,  the  sequence 
of  phenomena  in  connection  with  sugar,  occurring  in  the 
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animal  system  under  natural  circumstances  during  life, 
would  appear  to  be  as  follows. 

Sugar  ingested  as  such,  or  derived  from  the  metamor- 
phosis of  starch  in  the  ahmentary  tract,  obtains  entrance 
into  the  system,  by  the  physical  principle  of  diffusion, 
through  the  portal  vessels.  It  becomes  thus  carried  to  the 
liver,  by  the  cells  of  which,  it  is  extracted  from  the 
blood  and  transformed  into  amyloid  substance.  Instead 
of  the  liver  allowing  sugar  to  pass  through  it,  and  also  pro- 
ducing sugar  itself,  it  transforms  that  which  reaches  it  into 
amyloid  substance. 

The  close  and  extensive  connection  between  the  hepatic 
cells  and  the  capillary  blood-vessels  in  the  lobules  of  the 
liver,  is  admirably  calculated  for  enabhng  a  material  to  be 
thoroughly  picked  out  from  the  blood.  That  sugar  is  thus 
detained  and  converted  into  amyloid  substance,  I  hold  to  be 
proved  by  the  effect  of  a  saccharine  alimentation  that  has 
been  already  described.  But,  the  power  of  the  Kver  in  this 
respect  is  not  unlimited  ;  for,  although  the  introduction  of 
sugar  into  the  system  in  moderate  quantity  through  the 
natural  channel,  does  not  lead  to  a  saccharine  impregnatioii 
of  the  general  circulation,  yet,  when  ingested  beyond  a 
certain  amount,  so  that  a  very  large  quantity  would  be 
conveyed  to  the  liver,  a  portion  may  pass  through  and  give 
to  the  blood,  and  thence  to  the  urine,  a  more  or  less  highly 
saccharine  quality.  The  injection  of  sugar  directly  into  a 
branch  of  the  portal  vein  will  occasion  this  occurrence ;  and, 
in  the  case  of  the  animals  referred  to  at  a  former  page — 
the  dogs  that  had  been  kept  for  a  few  days  on  animal  food 
with  a  large  admixture  of  cane-sugar,  the  urine  in  three  out  of 
the  four  instances  was  distinctly  charged  with  grape-sugar. 
In  some  of  the  rabbits,  also,  that  I  have  purposely  fed  on 
starch  and  sugar  only,  for  a  short  time,  the  urine  has  pre- 
sented indications  of  being  impregnated  with  sugar. 
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Amyloid  substance,  however,  is  also  found  m  the  hver, 
notwithstanding  that  no  saccharine  element  may  have 
entered  into  the  constitution  of  the  food.    It  is  evident, 
therefore  that  there  must  be  some  other  source  for  its  pro- 
ductionand,  I  am  induced  to  believe,  that  it  is  derived 
likewise,  from  some  of  the  products  arising  out  of  the 
changes  that  animal  food  undergoes,  as  also,  from  some  of 
the  products  resulting  from  the  wear  and  tear  or  the  retro- 
grade metamorpliosis  of  the  tissues.    I  have  no  direct  ex- 
periQiental  proof,  it  is  true,  to  adduce  on  this  point,  but  it 
has  certainly  seemed  to  me,  that  one  purpose  of  the  liver  is 
to  extract  from  the  blood  some  of  the  matenals  derived 
from  the  more  highly  organized  compounds  in  their  down- 
ward  course  in  the  system,  and  to  convert  them  into  amyloid 
substance,  thereby  placing  them  in  a  position  for  still  further 
use  during  life:  thus,  in  fact,  economising  material,  by 
rendering  susceptible  of  appropriation  to  another  purpose, 
that  which  might  otherwise  be  simply  discharged  from  the 
body. 

Thus  far,  the  sequence  of  phenomena  in  connection  with 
the  physiological  appropriation  of  sugar  may  be  very  satis- 
factorily traced.  That  the  amyloid  substance  is  not 
specially  designed  to  come  back  into  sugar,  I  maintain  for 
the  reasons  that  have  been  so  fully  discussed.  I  have  no 
doubt,  that  its  destination  is  for  service  towards  heat  pro- 
duction ;  but,  what  the  series  of  changes  that  occur,  until  this 
final  purpose  is  accomplished,  remains  as  yet  to  be  made 
out.  The  two  ends  and  the  front  links  of  the  chain,  I  think, 
we  may  fairly  consider  we  hold  in  our  possession,  but  there 
are  yet  a  few  links  wanting  to  give  us  the  whole. 

Out  of  sugar,  it  is  now  admitted,  that  the  animal  can  form 
fat.  Bees  produce  wax  when  Hmited  for  food  to  sugar-  candy. 
The  herbivora  get  fat  on  food  that  abounds  with  sugar  or 
starch,  and  practically  speaking  contains  no  fat.    The  West 
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Indian  negroes,  we  are  told,  grow  enormously  bloated  and  fat 
at  the  season  when  the  juice  of  the  sugar-cane  is  expressed, 
from  their  habit  of  licking  the  ends  of  the  stick. 

Sugar,  then,  leads  to  fat,  and  it  has  been  shown  as  a 
primary  step  after  absorption  from  the  alimentary  tract  to  be 
metamorphosed  into  amyloid  substance.  The  missing  links 
of  the  chain  consist  of  those  between  amyloid  substance  and 
fat.  Now,  not  only  may  the  copious  ingestion  of  sugar  or 
starch  lead  to  an  enormous  accmnulation  of  amyloid  sub- 
stance in  the  liver,  bnt  also  of  fat,  as  is  strikingly  exemplified 
by  the  occurrence  that  is  observed  to  result  from  the  process 
to  which  geese  are  submitted  for  obtaining  the  foie  gras.  It 
would  thus  seem,  that  sugar  may  go  on  in  the  liver  to  fat, 
but  whether  it  all  proceeds  in  the  liver  so  far  as  this,  is, 
I  think,  open  to  very  great  doubt.  I  must  needs,  however, 
here  desist  from  continuing  this  point  further,  for  it  would 
be  unwise  to  carry  our  discussion  into  a  subject,  upon  which, 
it  must  be  admitted,  the  evidence  of  fact  is  required  to  re- 
move it  from  the  sphere  of  speculation.  It  will  have 
sufficed  for  my  purpose  in  connection  with  Diabetes,  if  I 
have  shown,  that  sugar  must  have  a  destination  otherwise 
than  that  provided  for  it  by  the  glyco-genic  theory,  for,  on 
this  point  will  turn  our  notions,  regarding  the  pathology  of 
the  complaint. 

Opinions  have  varied  at  diff'erent  epochs  as  to  the  organ 
at  fault  in  Diabetes.  At  one  period  the  kidneys  were 
looked  upon  as  constituting  the  seat  of  the  disease.  Then, 
it  was  discovered  that  the  sugar  existed  in  the  blood,  and 
that  the  renal  organs  only  performed  a  separating  or  ex- 
cretory ofiSce.  The  announcement  by  M'Gregor  ('  London 
Medical  Gazette,'  May,  1837)  that  sugar  was  to  be  found  in 
the  Diabetic,  although  not  in  the  healthy  stomach,  after  the 
ingestion  of  animal  food,  gave  rise  to  the  idea  that  the  seat 
of  formation  of  the  sugar  was  in  the  digestive  organs. 
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M'Gregor,  after  giving  an  emetic  and  purgative  to  a  healthy 
man,  fed  him  upon  roast  beef  and  water  exclusively  for 
three  days.  At  the  end  of  this  period,  and  three  houi'S 
after  a  meal,  a  second  emetic  was  given.  The  vomited 
matters  gave  no  evidence  of  the  presence  of  sugar.  A 
Diabetic  was  submitted  to  a  similar  treatment,  and  the 
vomited  matter,  ejected  after  the  second  emetic,  was  found 
to  yield  an  indication  of  being  impregnated  with  sugar. 
In  the  conclusion  drawn  from  these  experiments,  it  was 
omitted  to  take  into  consideration  the  fact,  that  in  the 
Diabetic,  the  blood  being  saccharine,  the  secretions  derived 
from  it,  are  also,  nearly  all,  if  not  all  of  them  likewise 
saccharine.  This  has  been  shown  by  Bernard  to  be 
certainly  the  case  with  the  gastric  juice ;  and  thus  is  satis- 
factorily accounted  for,  the  presence  of  sugar  in  the  stomach 
after  a  meal  of  purely  animal  food ;  without  supposing  this 
sugar  to  be  formed  as  the  result  of  a  perverted  digestion — 
a  notion  which  receives  no  support  from  the  evidence 
afforded  by  the  researches  of  the  modern  day. 

Prout  ('  Stomach  and  Renal  Diseases,'  5th  edit.,  p.  38), 
when  speaking  of  the  treatment  of  Diabetes,  says :  "  The 
"  facts  and  observations  I  have  to  offer  on  the  subject 
'*  are  founded  on  the  opinion  already  advanced,  viz.,  that 
"  Diabetes  is  nothing  more  nor  less  than  a  form  of  dys- 

pepsia  ;  that  this  dyspepsia  principally  consists  in  a  diffi- 
"  culty  of  assimilating  the  saccharine  alimentary  principle ; 
"  and  that  like  all  other  forms  of  dyspepsia,  whether  it  be 

an  inherited  or  an  induced  affection.  Diabetes  is  liable 
"to  be  much  modified  and  aggravated  by  concomitant 

circumstances."  Other  passages  from  the  same  work 
might  be  quoted  to  show,  that  Dr.  Prout  regarded  Diabetes 
as  resulting  from  a  defective  action  of  the  stomach ;  and 
yet,  in  a  note  at  p.  37,  he  says,  "  Functionally  speaking, 
"I  am  induced  by  long  attention  to  believe  that  the  liver 
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"  is  always  deeply  involved  in  Diabetes."  Tt  appears,  bow- 
ever,  from  the  text,  that  this  remark  is  intended  to  imply,  that 
the  liver  is  involved  by  the  constant  passage  of  sugar  through 
the  sanguiferous  system,  and  not,  that  such  functional  in- 
volvement has  anything  to  do  primarily  with  the  complaint. 

Looking  at  all  the  facts  that  have  been  brought  to  light 
by  modern  research,  I  am  strongly  inchned  to  believe  that 
the  organ  whose  action  is  essentially  at  fault  in  Diabetes  is 
the  Hver.    I  know  of  nothing  to  show  that  the  stomach 
exercises  any  special  assimilating  or  converting  influence 
over  the  saccharine  principle.    In  compliance  with  physical 
laws,  sugar  presenting  such  highly  diffusible  properties  as  it 
does,  cannot,  when  existing  in  the  stomach  or  intestine, 
escape  entering  the  circulation  and  being  thus  carried  to  the 
liver.    Now,  the  liver  is  the  organ  that  appears  to  exert  an 
assimilating  power  over  the  saccharine  element  of  our  food. 
Whilst  traversing  the  capillaries  of  the  organ,  it  seems  to  be 
picked  out  by  the  hepatic  cells  and  submitted  to  transfor- 
mation.  This  immediate  transformation  is  a  necessary  con- 
comitant, because,  sugar  could  not  remain  as  such  in  the 
hepatic  cells.    Trom  its  diffusibihty,  it  would  be  carried 
back  again  into  the  circulating  current.    But,  the  evidence 
afforded  by  experiment  goes  to  show,  that  it  does  not  reach 
the  general  circulation,  and  nothing  is  more  clearly  estab- 
lished  to  my  own  mind,  than,  that  one  source  of  the  amyloid 
substance  of  the  liver  is  saccharine  matter.    The  numerous 
results  I  have  referred  to,  in  a  previous  part  of  this  volume, 
all  harmonise  with  each  other  and  prove  that  the  ingestion 
of  starch  and  sugar  leads  to  a  large  accumulation  of  amyloid 
substance  in  the  liver.    In  accordance  with  the  properties 
required  of  it,  for  retention  in  the  hepatic  cells,  this  amyloid 
substance  occupies  a  position  the  very  antithesis  of  sugar 
as  reR-ards-diffusibility.  Like  albumen  and  unlike  sugar  it  is 
devoid  of  a  disposition  to  diffuse  through  animal  membranes. 
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Although  there  appear  to  be  good  grounds  for  beUev- 
ing,  that  it  is  upon  a  defective  action  of  the  liver  that  the 
phenomena  of  Diabetes  depend,  yet,  when  we  come  to  speak 
of  the  circumstances  determining  this  defective  action  we 
arrive  at  a  point  that,  it  must  be  admitted,  still  remains 
w^ithout  a  clue  to  its  solution.  If,  however,  experimental 
research  has  not  yet  disclosed  the  nature  of  the  pathology  of 
Diabetes,  I  believe  it  has  paved  the  way  to  a  position,  from 
which  the  disease  is  more  likely  to  be  investigated  with  suc- 
cess. It  is  fair  to  infer,  that  as  long  as  our  notions  upon 
the  physiology  of  this  subject  were  based  on  erroneous 
conclusions,  no  real  advance  was  likely  to  be  made  in  its 
pathology  unless  by  some  improbable  fortuitous  discovery. 

As  to  the  cause  of  Diabetes,  I  take  it  that  in  different  cases 
different  causes  may  be  concerned  in  the  production  of  the 
disease ;  just  as  we  learn  from  experiment,  that  there  are 
various  ways,  by  which  saccharine  urine  may  be  artificially 
occasioned. 

Dr.  Front  thought,  that  in  many  instances  he  had  been 
distinctly  able  to  trace  Diabetes  to  exposure  to  cold ;  or, 
sometimes  to  rheumatic  attacks  brought  on  by  exposure  to 
cold  and  moisture.  For  the  most  part,  however,  it  must 
be  admitted,  that  no  reasonable  cause  can  be  assigned  for 
the  commencement  of  the  complaint ;  and,  supposing  it  to 
have  been  traced  to  exposure  to  cold,  no  clue  has  yet  been 
obtained  of  the  manner  in  which  the  effect  is  produced. 

Bernard  in  his  '  Lemons  de  Fhysiologie  Experimentale,' 
Faris,  1855,  p.  346,  has  mentioned  a  case,  where  a  saccha- 
rine state  of  the  urine  followed  a  blow  over  the  region 'of  the 
Uver.  He  says  "On  me  citait  dernierement  le  cas  d'un 
"  individu  qui  avait  repu  un  coup  de  pied  de  cheval  dans 
"  I'hypochondre  droit,  et  qui,  a  la  suite  de  cette  blessure, 
*'  avait  presente  du  sucre  dans  ses  urines ;  mais  ce  symp- 
"  tome  avait  disparu  lorsque  le  malade  avait  ete  gueri 
"  de  sa  contusion,  seulement  il  etait  reste  polyurique." 
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This  must  be  looked  upon  as  an  interesting  case,  because, 
it  would  seem  to  form  an  instance  of  Diabetic  effect,  pro- 
duced through  the  operation  of  a  direct  influence  upon  the 
organ  whose  action  has  been  supposed  to  be  at  fault  in  the 
complaint. 

Cases  may  be  cited,  which  point  strongly  to  Diabetes 
being  sometimes  connected,  in  some  way  or  other,  with 
cerebral  disease.*  I  believe,  as  attention  is  directed  to  this 
point,  evidence  will  accumulate  and  strengthen  this  state- 
ment.   An  instance  has  fallen  under  my  personal  notice, 
where  the  disease  in  a  severe  form  immediately  followed  a 
violent  blow  upon  the  head.    The  following  cases  have 
also  been  mentioned  to  me  in  which  Diabetes  was  associated 
with   cerebral  disease.    A  late  alderman  of  the  City  of 
London  was  attacked  with  cerebral  hemiphlegia.  His 
urine  was  tested  by  Dr.  Barlow  (from  whom  I  obtained 
these  particulars)  at  the  period  of  attack,  and  found  to  be 

*  Whilst  tliese  sheets  were  passing  through  the  press,  a  case  was  received, 
under  Mr.  Poland's  care,  into  Guy's  Hospital,  where  saccharine  urine  imme- 
diately followed  a  fatal  injury  to  the  head.    A  female  child,  four  years  of  age, 
had  been  run  over,  and  sustained  a  fracture  of  the  skull.    She  remained  quite 
insensible  and  could  not  swallow.  Her  respiration  was  of  a  sobbing  character  but 
not  stertorous,  and  a  little  blood  ran  from  the  nose  and  mouth.  There  were  no 
convulsions.  The  child  died  four  hours  and  a  half  after  admission.  On  examining 
the  head,  it  was  found  by  Dr.  Wilks  that  the  skull  was  fractured  through  the 
base.    There  was  a  little  blood  external  to  the  dura  maier,  but  the  dura  mater 
itself  was  uninjured.    The  surface  of  the  base  of  the  brain  was  slightly  bruised. 
The  ventricles  contained  a  little  bloody  serum.    The  fornix  was  slightly  ecchy- 
mosed.  The  floor  of  the  fourth  ventricle  was  ecchymosed  from  slight  effusion  of 
blood  into  its  substance.  The  urine  contained  in  the  bladder,  I  found  to  be  charged 
with  suo-ar  to  the  extent  of  five  grains  and  a  half  to  the  ounce.   A  difference  of 
opinion  may  arise  as  to  the  precise  cause  that  determined  this  presence  of  sugar 
in  the  urine.    Tor  myself,  I  am  inclined  to  think  that  it  probably  resulted  from 
a  secondary  influence  of  the  injury  upon  the  liver  through  the  circulation. 
Sadden  congestion  of  the  liver  through  an  impediment  to  the  circulation  has 
been  found  experimentally  to  produce  saccharine  urine;  and,  in  such  a  case 
as  the  one  just  referred  to,  I  do  not  doubt  that  the  breathing  was  so  influenced 
as  to  create  a  serious  disturbance  to  the  free  passage  of  blood  through  the 
lungs.    I  am  strengthened  in  this  opinion  by  the  fact  that  the  urine  was  also 
in  a  very  slight  degree  albuminous. 
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free  from  su^ar.    There  had  also  been  nothing  from  the 
™p  cms  and  history,  to  lead  to  the  suspicion  that  sugar 
Sbefomrd.  Shortlyafterwards.however.stronglymark  d 

^)Stes  set  in.  A  member  of  the  medical  Vf^-^^^^ 
was  seen  by  Dr.  Gull,  wa.  seized  at  the  age  o  53  wi  h  an 
p^pLio  k  from  which  he  recovered,  with  hen.pHeg.a 
however,  of  the  left  side  of  the  body  remammg  behmd,  Five 
weeks  after  the  fit,  this  person,  who  had  P"'/ 
presented  any  symptom  of  Diabetes,  began  rapidly  to  ema- 
ciate, whichled  to  an  examination  of  the  urine  bemg  made. 
'  A  highly  saccharine  state  of  it  was  found  to  exist. 

According  to  Dr.  Prout,  there  is  a  form  of  Diabetes, 
which  occurs  in  connection  with  gout  and  dyspepsia.  He 
says*  "  Indeed  a  saccharine  condition  of  the  urme  exists 
"  in  dvspeptic  and  gouty  individuals  much  oftener  than  is 
supposed ;  and  hundreds  pass  many  years  of  their  lives 
"  with  this  symptom  more  or  less  constantly  present,  who 
"  are  quite  unaware  of  it,  till  the  quantity  of  urine  becomes 

increased."  .  , 

A  saccharine  state  of  the  urine  has  long  smce  been 
spoken  of,  as  a  frequent  if  not  universal  accompaniment 
of  mahgnant  boils  and  carbuncles.    A  case  m  pomt  has 
been  recently  referred  to  in  the  'Medical  Times  and  Ga- 
zette '  December  21st,  1861.    The  patient  was  73  years 
of  age  and  the  subject  of  hemiplegia.    He  had  anthrax  m 
the  lumbar  region,  during  which  a  considerable  quantity  ot 
sugar  was  found  in  the  urine.    On  recovering  from  the 
anthrax,  the  sugar  is  stated  to  have  disappeared.    The  he- 
miplegia still  persisted.    The  case  is  given  as  an  extract 
from  the  '  Gazette  Hebdomadaire.' 

The  symptoms  and  disturbances  in  Diabetes  are  mainly, 
if  not  entirely,  dependent  on  the  extensive  presence  m  the 
blood,  of  a  material  which  ought,  in  the  natural  course  of 

*  Prout,  '  On  Stomach  and  Renal  Diseases,'  5th  ed.,  p.  32. 
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events,  to  have  been  directed  towards  another  end.  The 
presence  of  sugar  in  the  blood,  determines  a  saccharine 
quality  of  the  urine,  and,  it  is  this,  which  is  regarded  as 
constituting  the  cardinal  feature  of  the  complaint.  Other 
circumstances  being  equal,  the  amount  of  sugar  eliminated 
in  the  urine,  may  be  looked  upon  as  affording  an  index 
of  the  extent  of  functional  defect  existing,  which  varies 
considerably  in  different  cases  and  at  different  periods 
in  the  same  case.    North  (Case  I,  appendix)  passed  nine 
and  ten  thousand  grains  of  sugar  a  day  upon  a  full 
mixed  diet,  at  the  commencement  of  his  treatment  under 
my  care ;  and,  from  eight  to  nine  thousand  grains,  some 
weeks  later,  when  the  same  diet  was  resumed ;  his  con- 
dition having  meanwhile  improved,  by  considerable  re- 
striction from  vegetable  food.    In  Case  II,  a  man  of  less 
weight  than  North,  the  amount  upon  similar  food  was  never 
below  eleven  thousand,  and  upon  one  occasion,  reached 
mneteen  thousand  grains  of  sugar  for  the  day.  In  Case  III, 
an  elderly  man,  the  amount  of  sugar  was  only  three  and 
four  thousand  grains  for  the  same  period  and  under  the 
same  diet.    In  Case  IV,  the  patient  was  kept  for  several 
months  upon  an  animal  regimen.    On  casting  the  eye 
through  the  details  of  the  report,  a  considerable  varia- 
tion within  certain  limits  is  noticeable  in  the  quantity  of 
sugar  voided  at  different  periods,  notwithstanding  there 
was  the  utmost  regularity  and  scrupulousness  in  the  diet. 
At  one  time,  there  was  a  gradual  descent  in  the  amount 
of  sugar,  until  it  reached  only  116  grains  for  the  twenty-four 
hours.  The  corresponding  quantity  of  urine  was  only  thirty- 
three  ounces^  and  the  proportion  of  sugar  to  the  ounce  3  52 
grains.    During  the  few  following  days,  the  sugar  again 
rose  in  quantity,  and  reached  as  high  as  479  grains  for  the 
day.    It  then  fell  to  115  grains,  the  quantity  of  mine  being 
thirty-nine  ounces,  and  the  proportion  of  sugar  to  the  ounce 
2*96  grains.    I  had  been  cherishing  the  idea,  on  noticing 
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U..e  descents  to  so  u.sigmficant  an  amount  for  th  tw  n  y 

Ws,  that  the  sugav  was  about  to 
but,  an  attack  of  diantea  supervemng  it  ^^'^^TLu 
rap  d  elevation,  and  continued  above  what      had  been, 
shortly  before  the  case  had  presented  so  favorably  a  turn 

I   some  cases  of  Diabetes,  the  morbid  condition  of  tl^ 
2e  temporarily  disappears     Mo,  un  er  f'^^^^^^ 
food  containing  starch  and  sugar.    Of  the  foui  cases  just 
referred  to,  one  was  of  this  description.    In  Cases  I  H,  and 
iv  restri  tion  to  an  animal  diet  never  produced  a  tot 
dis'appearance  of  the  sugar ;  but «  Case  III,  under  the  amma 
recimen.  there  was  not  a  trace  of  sugar  to  be  discoveied  ui 
the  urine.  The  sugar,  however,  returned  m  marked  quantity 
upon  two  ounces  of  ordinary  bread  a  day,  for  a  couple  of 
days  being  allowed,  again  disappearing,  on  the  withdrawal  ot 
the  bread  being  made.  With  two  ounces  of  branbiscmts  a  day 
instead  of  the  bread,  the  mine  remained  devoid  of  sugar. 

Two  cases  have  also  recently  fallen  under  my  notice, 
where  the  morbid  condition  of  the  urine  was  wholly  de- 
pendent on  the  food. 

In  one  of  them,  the  history  the  person  gave  me, 
was,  that  he  had  been  Diabetic  about  a  couple  of  years, 
and  had  latterly  been  scrupulously  confimng  himselt  to 
an  animal  regimen  with  the  bran  biscuit.    His  urine  was 
normal  in  quantity,  of  ordinary  colour,  and  threw  down 
a  deposit  of  lithates.    He  presented  the  opposite  ap- 
pearance to  that  of  a  Diabetic,  being  exceedingly  stout, 
and  complained  of  none  of  the  ordinary  symptoms  of 
Diabetes.    I,  therefore,  recommended  him  to  try  the 
effect  of  partaking  moderately  of  wheaten  bread  with  his 
meals  for  one  day.    The  urine  he  passed,  was  collected 
during  the  time,  and  found  to  give  a  strong  reaction  with 

the  copper  solution. 

In  the  other  case,  the  person's  appearance  also,  was 
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the  reverse  of  that  of  an  ordinary  Diabetic.     He  had 
only  been  ill  a  few  weeks,  and  had  been  told  he  was 
sufFermg  from  Diabetes,  for  which  he  had  been  keepin. 
hunself  to  animal  food  and  bran  biscuit.    He  had  never 
passed  an  mordinate  quantity  of  urine,  nor  had  he  ex- 
perienced  any  particular  hunger  or  thirst.    The  urine  he 
was  voidmg  was  perfectly  free  from  sugar.   On  recommend- 
ing hmi  to  resume  an  ordinary  diet,  the  urine  he  brought 
me  m  a  few  days'  time  contained  2-85  grains  of  sugar  to 
the  ounce.    Passing,  as  he  informed  me,  about  two  quarts 
durmg  the  twenty-four  hours,  would  give  about  228  grains 
of  sugar  for  this  period.    He  now  returned  to  the  animal 
food  and  bran  biscuit,  and  the  urine  three  days  afterwards, 
contamed  onlytraces  of  sugar.  The  urine  subsequently  losing 
this  trace,  and  continuing  free  from  sugar  for  a  fortnight,  he 
was  allowed  to  partake  sparingly  of  ordinary  vegetable  food. 
Por  a  week,  his  diet  consisted  of  about  half  a  pound  of  pota- 
toes  and  half  a  pound  of  bread  a  day,  with  meat,  fish,  greens, 
coffee  and  tea.  At  the  end  of  the  week,  his  urine  was  devoid 
of  sugar.    During  the  following  week,  the  allowance  of  po- 
tatoes and  bread  was  doubled,  and  the  urine  remained  quite 
free  from  sugar.    The  week  afterwards,  beer  was  taken  in 
addition,  and  still  without  leading  to  the  elimination  of 
sugar  with  the  urine.    Considering  himself  quite  well,  he 
now  ceased  to  attend. 

There  is,  thus,  considerable  variation  in  the  extent  of 
defective  or  perverted  action  that  exists  in  Diabetes.  The 
disease  cannot  be  spoken  of,  as  simply  an  absence  of  power 
to  assimilate  the  saccharine  principle.  It  would  seem 
rather  to  consist  of  a  defect  or  aberration,  which  under  dif- 
ferent circumstances,  presents  a- great  variation  in  its  degree 
of  manifestation.  Upon  a  given  regimen,  very  different 
quantities  of  sugar  may  be,  in  different  cases,  and  at  diff'erent 
periods  in  the  same  case,  eliminated. 
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In  some  cases,  there  is  a  total  want  of  assimilative  power 
over  the  saccharine  element,  so  that,  whatever  belonging  to 
this  class  of  food  is  consumed,  passes  through  the  system 
unappropriated ;  and,  something  more  than  this,  for  sugar  is 
voided  which  does  not  come  from  direct  ingestion  with  the 
food.  In  other  cases,  the  want  of  assimilative  power  over  the 
saccharine  element  of  the  food,  constitutes  the  whole  mani- 
festation of  the  disease,  and,  no  sugar  is  voided  when  absti- 
nence from  saccharine  and  starchy  materials  is  observed. 
In  other  cases,  again,  the  deviation  from  health  may  be  still 
less  marked.    A  certain  amount  of  vegetable  food  may  be 
taken  without  giving  to  the  urine  a  saccharine  character, 
but,  if  the  patient  go  beyond  this  extent,  sugar  escapes  from 
the  body  unappropriated.    With  all  of  us,  it  would  seem, 
the  extent  of  assimilative  power  over  the  saccharine  ele- 
ment is  not  unlimited,  for  sugar  has  been  noticed  to 
pass  with  the  urine,  as  the  result  of  very  copious  introduc- 
tion into  the  alimentary  tract,  especially  when  fasting  has 
been  observed  for  a  short  time.  In  the  latter  class  of  Diabetics, 
however,  this  assimilative  power  over  sugar  exhibits  a 
degree  of  Hmitation  beyond  that  belonging  to  the  ordinary 
state  of  health. 

The  continuance  of  sugar  in  the  urine,  notwithstanding 
none  has  been  ingested  with  the  food,  must  I  think  be 
considered  likewise  to  depend  upon  a  defect  of  assimilation. 
In  animals  that  have  been  kept  upon  a  purely  animal  diet, 
the  liver  is  found  to  contain  amyloid  substance,  which, 
under  such  circumstances,  would  appear  to  be  derived  from 
the  products  of  disintegration  of  the  tissues  and  of  the 
metamorphosis  of  the  food.  Now,  supposing,  from  a  per- 
verted exercise  of  the  functional  operations  carried  on  in 
the  liver,  this  amyloid  substance  should  descend  into  sugar, 
the  elimination  of  sugar  with  the  urine  will  follow  as  a 
necessaiy  consequence. 
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The  severity  of  the  symptoms  in  Diabetes  is,  as  a  rule, 
proportionate  to  the  quantity  of  sugar  reaching  the  circula- 
tion and  passing  through  the  system.  In  the  cases  that 
have  fallen  under  my  observation,  the  disease  has  not  been 
attended  with  the  elimination  of  so  much  sugar,  when 
occurring  in  elderly,  as  in  young  and  middle-aged  persons. 
The  disease,  in  fact,  has  seemed  to  me,  to  manifest  a  dis- 
position, to  assume  a  less  intense  form  in  elderly  than  in 
earlier  life.  In  proportion  as  there  has  been  less  sugar 
produced,  amongst  those  of  advanced  years ;  so,  there  has 
not  been  that  height  of  inconvenience  complained  of,  as  is 
so  frequently  the  case  when  the  disease  occurs  during  youth 
and  middle  age.  Unless  the  disease  is  held  in  check  bv 
appropriate  treatment,  its  tendency  (speaking  from  the  cases 
I  have  seen)  would  seem  as  a  rule  to  be,  to  assume  an  in- 
tense form,  to  run  a  rapid  course,  and  to  occasion  the  most 
urgent  symptoms,  when  it  attacks  young  and  middle-aged 
persons ;  whilst,  it  is  not  uncommon  amongst  elderly  people 
for  the  disease,  from  the  beginning,  never  to  have  given  rise 
to  any  serious  inconvenience,  and  not  to  be  attended  with 
any  marked  wasting  of  the  body,  such  as  is  so  constantly  the 
case  in  earlier  years.  Judging  from  what  I  have  seen,  then, 
I  am  inclined  to  believe,  that  the  complaint  has  a  tendency 
to  present  a  less  acute  form,  where  the  age  of  the  person  is 
advanced ;  and,  I  may  add,  at  the  same  time  to  prove  more 
amenable  to  treatment. 

The  sugar  which  reaches  the  general  circulation,  is  dis- 
tributed throughout  the  whole  system  in  Diabetes.  I  have 
several  times  examined  the  blood  of  Diabetics  that  has  been 
removed  by  cupping  and  by  venesection,  and  have  found 
it  charged  w^ith  sugar  so  as  to  give  a  copious  orange-yellow 
reduction  with  the  cupro-potassic  solution.  In  one  case, 
where  I  made  a  quantitative  analysis,  the  blood,  which 
had  been  abstracted  from  the  loins  by  cupping,  contained 
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53  hundredths,  or  just  over  half  a  grain  of  sugar  per  cent. 
This  would  give  about  two  and  a  half  grains  of  sugar  to  the 
fluid  ounce.  The  sugar  has  long  been  known,  to  be  suscep- 
tible of  being  obtained  from  the  blood  in  a  crystalline  state, 
and  I  have  so  procured  it  myself. 

Sugar  being  present  in  the  blood,  escapes  through  other 
channels  besides  the  renal  organs.  M'Gregor  detected  it 
in  the  alvine  evacuations.  Bernard  has  shown  that  it  is 
present  in  the  gastric  juice,  but  says  that  it  is  not  to  be 
met  with  in  the  saliva,  the  pancreatic  juice,  the  tears,  the 
sweat,*  or  the  bile.  He  says,  also,  that  the  cerebro-spinal 
fluid  and  serous  efiusions  are  charged  with  sugar,  when  this 
principle  is  distributed  through  the  system  as  it  is  in  Dia- 
betes. Lehmaii  affirms  that  he  has  found  sugar  in  the 
saliva  dm'ing  Diabetes,  but  Bernard  suggests  that  it  is  neces- 
sary not  to  confound  mucus  from  the  lungs,  which  contains 
sugar,  with  true  saliva.  I  have  examined  the  saliva  in  two 
cases  of  Diabetes.  I  found  in  one,  no  evidence  of  the  pre- 
sence of  sugar ;  whilst  in  the  other,  my  test  afforded  an 
indication  of  a  trace. 

I  once  had  an  opportunity  of  examining  pus  that  had 
formed  during  the  existence  of  Diabetes.  The  case  was 
that  of  a  girl  about  twelve  or  thirteen  years  of  age,  and 
the  purulent  matter  was  obtained  from  an  abscess  situated 
on  the  head.    The  test  afforded  an  indication  of  sugar. 

The  blood  of  Diabetics  has  been  spoken  of  (Todd's 
'  Cyclopaedia  of  Anatomy  and  Physiology,'  art.  Blood,  by  Dr. 
B.  Guy  Babington)  as  presenting  a  peculiarity  in  respect 
of  a  milky  character  of  its  serimi.    My  attention  has  been 

*  Dr.Parkes,  iu  bis  work  on  tlie  Urine,  1861,  p.  353,  says— "That  sugar  is 
found  occasionally  in  the  sweat  is  generally  admitted.  Eletcher  ('  Med.  Times,' 
1847,  p.  394)  obtained  iu  forty-eight  hours  six  and  a  half  grains  of  sugar  from  a 
piece  of  flannel,  three  inches  square,  placed  in  the  axilla.  On  one  of  my  patients, 
a  boy  without  phthisis,  who  was  made  to  perspire  profusely  by  the  hot-air  bath, 
Ranke  found  no  sugar." 
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given  to  this  point,  in  the  opportnnities  that  have  occurred 
to  me,  of  examining  Diabetic  blood  removed  by  bleeding 
and  cupping.  In  two  instances,  I  have  observed  this  milky 
character  very  strongly  marked ;  whilst  in  others,  the  serum 
has  only  been  slightly  lactescent,  or  not  lactescent  at  all. 

I  am  hardly  inclined  to  think,  that  there  can  be  anything 
special  about  the  milkiness  of  the  serum  in  Diabetes,  be- 
cause, I  have  frequently  noticed  in  my  physiological  experi- 
ments, and  the  same  has  been  noticed  by  others  upon  the 
human  subject ;  that,  when  blood  has  been  removed  a  few 
hours  after  the  ingestion  of  food,  especially  of  food  rich  in 
fatty  matter,  the  serum  has  been  strongly  lactescent,  and 
on  being  allowed  to  repose,  has  given  rise  to  an  accumula- 
tion of  a  thickish  cream-like  layer  upon  the  surface.  This 
cream-like  layer,  on  being  examined  microscopically,  has 
presented  the  appearance  of  the  molecular  base  of  chyle, 
and  doubtless,  therefore,  has  been  directly  derived  from  the 
chyle.  During  fasting,  there  is  no  such  appearance  to  be 
observed.  Now,  Diabetics  usually  consume  a  large  quan- 
tity of  food,  and  particularly  of  food  likely  to  lead  to  an 
extensive  introduction  of  fat  into  the  system.  The  milki- 
ness of  their  blood,  therefore,  may  be  quite  unconnected 
with  any  pecuharity  belonging  to  their  disease,  but  simply 
dependent  on  the  flow  of  fatty  matter  into  the  blood  through 
the  chyle,  in  accordance  with  what  can  be  observed  under 
natural  circumstances  to  take  place. 

Where  the  abstraction  of  blood  is  resorted  to,  in  acute 
febrile  and  inflammatory  complaints,  the  circumstances  of 
the  case  would  scarcely,  if  ever,  allow  us  to  look  for  a 
milkiness  of  the  serum  as  likely  to  be  found.  Such,  being 
the  complaints  in  which  the  removal  of  blood  is  by  far  the 
most  general,  we  are  afforded  an  explanation  why  the  cha- 
racter of  milkiness  is  not  of  more  common  observation  than 
it  is.    I  do  not  know  whether  it  has  any  bearing  in  con- 
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necting  tlie  liver  with  the  complaint ;  hut,  it  may  be  men- 
tioned that  I  have  noticed  a  height  of  yellow  tinge  in  the 
serum  of  Diabetic  blood  that  I  have  not  observed  •  under 
ordinary  circumstances. 

I  look  upon  the  presence  of  sugar  in  the  blood  as  the 
cause  of  those  structural  and  functional  disturbances  that 
are  so  common  in  Diabetes.  In  Diabetes,  as  in  albuminuria, 
there  is  an  unusual  susceptibility  to  the  supervention  of 
local  inflammatory  action.  A  cause  or  a  circumstance  that 
would  produce  no  injurious  effect  upon  a  healthy  system, 
is  sufficient  to  set  up  the  most  serious  consequences  during 
the  existence  of  the  highly  saccharine  state  of  the  blood 
that  belongs  to  the  severe  form  of  Diabetes  allowed  to  re- 
main in  an  uncontrolled  state.  Dr.  Prout  very  appropri- 
ately speaks  of  the  frail  tenure  of  life  held  by  Diabetics, 
and  gives  cases  to  show  how  they  exist,  as  it  were,  on  the 
brink  of  a  precipice,  the  fatigue  and  excitement  of  a  long 
journey  to  consult  him,  having  proved  sufficient  to  occasion 
a  rapidly  fatal  result  in  four  instances  during  the  space  of  a 
few  years. 

But  at  the  same  time,  it  must  be  admitted,  that  in  some 
cases  there  exists,  a  source  of  interference  with  nutrition, 
beyond  what  can  be  accounted  for,  by  the  mere  presence 
of  sugar  in  the  blood.  For,  although,  the  sugar  may  be 
kept  down  below  what  is  produced  by  persons,  where  no 
material  disturbance  is  perceptible,  yet,  the  disease  advances 
in  weakening  and  prostrating  the  patient.  It  would  seem 
in  these  cases,  as  if  the  cause  which  determines  the  saccha- 
rine state  of  the  blood  also  does  more  than  this,  and  affects 
deeply  the  processes  of  nutrition.  Should  such,  in  reahty, 
be  the  case,  the  saccharine  state  of  the  blood  would  then 
form  only  one  phase  or  manifestation  of  the  complaint. 

The  most  frequent  mode  of  unfavorable  termination  of 
Diabetes  is  by  disease  of  the  pulmonary  organs.    This  dis- 
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ease  of  tlie  lungs  is  commonly  spoken  of  as  phthisis ;  but, 
although  it  runs  the  same  course,  and  presents  the.  same 
symptoms  as  phthisis,  yet,  it  seems  in  reality  to  consist  of 
a  simple  chronic  inflammation ;  leading  to  the  breaking 
down  of  the  lung  tissue,  and  the  formation  of  cavities  ;  and 
produced  by  the  state  of  the  blood,  and  not  by  any  true  or 
strumous  tubercular  deposit.  I  have  witnessed  the  examina- 
tion of  several  cases  of  Diabetes  where  death  has  resulted 
from  lung  disease,  and  there  has  been  no  sign  of  the  exist- 
ence of  tubercle.    Dr.  Wilks'  experience  is  also  to  the  effect 
that  it  is  not  the  true  tubercular  deposit  that  is  met  with 
in  the  lungs  of  Diabetics  who  have  died  from  pulmonary 
disease.  There  is  a  deposit  around  the  cavities,  which  is  often 
spoken  of  as  tubercle,  but  which  consists  in  reality  of  a 
simple  inflammatory  production. 

I  recognise,  then,  the  so-called  phthisis  of  Diabetes  as  a 
chronic  inflammatory  affection,  dependent  on  the  presence 
of  such  an  amount  of  sugar  in  the  blood,  as  to  alter  its 
natural  quality  and  render  it  unfit  for  the  healthy  discharge 
of  its  functions.    We  must  all  admit  that  a  certain  consti- 
tution of  the  blood  is  required  to  enable  it  to  administer 
to  the  healthy  performance  of  nutrition,  and  the  several 
functions  of  life.    Now,  in  physiology  it  is  agreed  upon, 
that  the  fulfilment  of  the  processes  resulting  from  a  natm^al 
relationship  between  blood  and  tissues,  creates  a  force  which 
materially  aids  the  circulation  in  the  vessels.   By  a  disturb- 
ance of  this  relationship,  it  is  easy  to  understand  how  this 
force  may  be  weakened :  and  thus,  a  cause  that  would  not 
afiect  a  healthy  individual  may  operate  in  Diabetes,  and 
produce  a  local  congestion,  which  is  followed  by  inflamma- 
tory action.    In  this  way,  I  believe,  is  to  be  satisfactorily 
accounted  for,  the  frequent  association  of  inflammatory 
mischief  of  the  lungs  with  the  Diabetic  complaint. 

My  colleague.  Dr.  Gull,  has  mentioned  to  me  an  inte- 
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resting  case  bearing  on  the  point  to  which  I  have  just 
been  referring.  A  gentleman  was  suddenly  seized  with 
swelling  of  the  right  leg,  and  the  circulation  through  the 
limb  seemed  to  be  arrested.  The  urine  was  found  exten- 
sively saccharine.  Recovery  from  the  swelling  of  the  leg 
took  place,  but  confirmed  Diabetes  was  estabhshed.  A 
year  afterwards,  from  exposure  to  cold,  an  attack  of  sudden 
hypostatic  engorgement  of  the  lungs  took  place,  which, 
within  forty-eight  hours,  carried  the  patient  ofi"  without  any 
sign  of  pyrexia. 

This  case  tends  strikingly  to  show,  upon  what  a  delicate 
balance  the  circulation  in  Diabetics  hinges.  From  the 
altered  constitution  of  the  blood,  its  aptitude  for  adminis- 
tering to  healthy  nutrition  is  so  weakened,  that  a  com- 
paratively shght  disturbance  is  sufficient  to  lead  to  an  arrest 
of,  or  such  an  interference  with  the  process,  as  to  occasion 
congestion  or  even  stagnation  of  the  circulatory  current. 

Dr.  Gull  has  also  mentioned  to  me  an  instance  where  he 
warned  the  friends  of  a  patient— a  medical  man — against 
resorting  to  the  apphcation  of  a  blister  for  cerebral  disease ; 
on  account  of  the  presence  of  sugar  in  the  urine.  A  bhster 
was  nevertheless  subsequently  appHed  to  the  back  of  the 
neck.  A  large  carbuncle  followed,  which  caused  the  death 
of  the  patient.  I  am  informed  also,  from  the  same  source, 
that  upon  some  few  occasions  besides  this,  gangrenous  in- 
flammation has  been  personally  witnessed  in  association 
with  the  Diabetic  state. 

Although  the  lungs  form  the  favorite  seat  of  secondary 
implication  in  Diabetes,  yet  instances  are  frequently  occur- 
nng  of  congestions  and  inflammations  taking  place  in  other 
parts.  Diarrhoea  is  not  an  uncommon  concomitant  of 
Diabetes,  and  I  can  recall  to  mind  some  few  cases  amongst 
those  I  have  seen,  where  a  fatal  termination  has  occurred 
from  the  prostration  occasioned  by  such  disorder.    In  the 
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post-mortem  examinations,  there  has  been  no  ulceration  dis- 
coverable, only  a  preternatural  vascularity  of  the  intestinal 
tract. 

(Edema  of  the  lower  extremities  has  been  sometimes 
observed  to  supervene  upon  Diabetes,  and  granular  disease 
of  the  kidneys  is  mentioned  amongst  the  appearances  that 
have  occasionally  been  seen  after  death. 

The  anatomical  appearances  up  to  the  present  recognised, 
do  not  afford  any  assistance  towards  unravelhng  the  nature 
of  Diabetes.  Nothing  has  yet  been  discovered  to  connect 
the  disease  with  any  primaiy  structural  alteration.  A 
functional  derangement  exists,  which  cannot,  as  far  as  our 
knowledge  yet  extends,  be  spoken  of  as  associated  with 
any  particular  anatomical  change.  All  that  has  been  re- 
cognised in  post-mortem  examinations,  consists  of  effects 
dependent  upon  the  disturbed  functional  operation  consti- 
tuting the  disease.  In  all  the  inspections  that  I  have 
witnessed  at  Guy's  Hospital,  the  patients  have  died  either 
from  lung  mischief,  diarrhoea,  or  a  gradual  atrophy 
attended  with  a  corresponding  prostration  of  the  vital 

powers.  . 

A  little  further  on,  will  be  found  the  particulars  con- 
cernino;  the  state  of  the  sohds  and  fluids,  in  what  few  cases 
the  post-mortem  room  of  Guy's  Hospital  has  afforded  me 
an  opportunity  of  examining.  It  will  be  observed,  thai 
su^ar  may  be  either  absent,  or  present,  in  the  body  after 
death  This  depends,  I  imagine,  upon  the  mode  m  which 
the  patient  dies.  It  has  long  since  been  known,  that  upon 
a  severe  form  of  an  acute  disease  occurring  to  a  Diabetic, 
the  sugar  may  entirely  disappear  from  the  urme,  to  re- 
appear, however,  on  recovery  from  the  incidental  complam  . 
M  Rayer  has  particularly  drawn  attention  to  this  point, 
and  I  once  saw  in  his  service  at  La  Charite,  m  Pans,  a 
middle-aged  female  labouring  under  Diabetes,  attacked 
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whilst  in  the  hospital  with  smallpox.  The  urine,  which 
had  been  previously  highly  charged  with  sugar,  became 
quite  free  from  it.  The  patient  very  soon  died,  so  that  no 
opportunity  was  afforded  to  watch  its  reappearance. 

In  a  case,  however,  recently  under  Dr.  Barlow  in  Guy's 
Hospital,  the  patient  was  attacked  with  typhoid  fever  during 
the  prevalence  of  an  outbreak  in  the  ward.  He  was  con- 
fined to  his  bed  for  several  days,  but  ultimately  recovered. 
I  tested  his  urine  on  a  few  occasions,  and  found  always  a 
copious  indication  of  sugar. 

Sugar  has  not  unfrequently  been  known  to  disappear 
from  the  urine  a  few  hours,  or  even  a  few  days  before 
death  in  Diabetes,  and  I  apprehend  the  rationale  in  such 
cases  will  be  the  same  as  with  the  occurrence  of  the  simi- 
lar phenomenon,  under  the  supervention  of  an  acute 
disease.  It  may  be  mentioned  as  a  significant  fact  in  con- 
nection with  this  point,  that  under  morbid  conditions  of  the 
system,  the  amyloid  substance  is  found  to  disappear  entirely 
from  the  liver. 

Dr.  Wilks  is  of  opinion  that  the  Diabetic  liver  pre- 
sents a  difference  to  the  eye  that  enables  it  to  be  recognised 
from  others.  It  is  firm,  tough,  and  homogeneous  or  uni- 
form in  appearance,  and  dark  in  colour.  The  bile,  in  nearly 
all  the  cases  I  have  specially  looked  to  it,  has  presented  a 
striking  appearance,  resembling  more  a  rhubarb  mixture 
than  anything  else  I  could  compare  it  to.  On  standing,  it 
has  allowed  a  pretty  copious  sediment  to  fall,  which,  ex- 
amined microscopically,  has  been  found  to  consist  of  colum- 
nar-shaped epithelial  particles,  with  yellow  amorphous  or 
granular-looking  matter. 

Eaoainination  of  solids  and  fluids  of  cases  from  the  post- 
mortem room  of  Guys  Hospital. 
May  27th,  1857.— Wm.  T— ,  set.  28.     Diabetes  with  pul- 
monary  compHcation.     Urine  passed  on  the  day  prior  to  death 
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gave  a  strong  reaction  of  sugar.    The  lungs  were  found  in  an 
advanced  state  of  disorganization  from  pneumonic  phthisis. 

Urine,  of  which  there  Avas  but  little,  contained  in  the  bladder 
after  death,  saccharine  and  of  a  strong  colour  and  smell. 

Liver,  weight  3  lbs.  1  oz.,  of  a  darkish  colour  and  homo- 
geneous appearance.  No  reaction  of  sugar.  Microscopic  ap- 
pearance— liver  cells  faint,  nuclei  distinct ;  a  large  number  of 
regular-sized  nuclei-looking  bodies  distributed  over  the  field  ; 
small  free  fat  particles. 

Bile,  thick  and  opaque,  and  of  a  deep-red  or  orange-red  colour. 
Solid  particles  of  the  same  colour  were  held  in  suspension, 
giving  it  the  appearance  of  a  rhubarb  mixture.  No  sugar.  Ex- 
amined microscopically,  there  was  yellow  amorphous  matter  to 
be  seen,  with  a  few  well-marked  crystals  of  the  triple  phosphate. 

Cardiac  blood,  no  reaction  of  sugar. 

Kidneys,  weight  11 J  oz.,  no  reaction  of  sugar. 

Spleen,  lungs,  pancreas,  submaxillary  gland,  muscular  tissue 
of  heart,  brain,  and  eerebro-spinal  fluid,  examined  and  found 
to  be  free  from  sugar. 

July  14th,  1857. — H.  M — ,  set.  13.  Had  been  in  a  very 
weak  condition  for  some  time,  but  died  at  last  very  suddenly. 
Lungs  quite  healthy  with  the  exception  of  a  few  lobules  in  the 
left  lung,  which  were  in  an  early  stage  of  red  hepatization. 
No  tubercles  discoverable  in  any  part. 

Liver  strongly  charged  with  sugar,  and  of  a  tough  or  some- 
what fleshy  or  leathery  consistence.    Microscopic  appearance 

 liver-cells  very  distinct  •  fat-granules  in  the  interior  of  the 

cells,  and  fat-globules  of  different  sizes  distributed  over  the  field 

between  the  cells. 

Bile  of  a  very  peculiar  appearance,  a  quantity  of  brownish- 
yellow  particles  being  suspended  in  a  slightly  viscid  liquid. 

Kidneys  gave  a  moderate  reaction  of  sugar. 

January  18th,  1859.— David  E— ,  set.  37.  Diabetes  of 
several  months'  standing.  Three  days'  prior  to  death  seized 
with  profuse  diarrhoea,  which  so  enfeebled  him  that  he  gradually 

Lungs  found  healthy,  with  the  exception  of  a  few  small 
patches  of  recent  pneumonia. 
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Urine  from  the  bladder  after  death  strongly  saccharine. 

Liver,  weight  3  lbs.  8  oz.,  strong  saccharine  reaction.  Ex- 
amined microscopically,  the  liver-cells  were  found  irregular, 
smallish,  and  rather  indistinct.  No  nuclei  were  to  be  seen 
in  them,  but  granular  matter  and  small  fat-globules.  A  great 
number  of  various  sized  fat-globules  were  distributed  throughout 
the  field  in  a  free  state  between  the  cells. 

Bile  of  the  consistence  of,  but  of  a  rather  paler  colour 
than  treacle. 

Cardiac  blood  strongly  saccharine. 

November  13th,  1859. — H.  F — ,  set.  31.  Death  from  com- 
plication  with  pulmonary  disease  and  diarrhoea.  Four  days 
before  death,  which  was  the  last  time  the  urine  was  tested 
during  life,  there  was  a  copious  presence  of  sugar. 

Urine  removed  from  the  bladder  after  death  was  devoid  of 
sugar. 

Liver  free  from  sugar. 

Cardiac  blood  free  from  sugar. 

December  14th,  1859. — Sarah  F — ,  aet.  17.  Diabetes 
complicated  with  epilepsy.  Two  days  prior  to  death  took  cold, 
had  a  fit  and  became  seriously  ill.  Symptoms  of  pulmonary 
mischief  set  in,  which  increased  till  death  took  place  on  the 
15th.  Post-mortem  ;  signs  of  recent  pleurisy  on  the  left  side, 
with  a  portion  of  the  lung  in  a  state  of  red  hepatization ; 
bronchial  tubes  inflamed. 

Urine  from  the  bladder  after  death  strongly  saccharine. 

Liver  strongly  saccharine.    No  amyloid  substance. 

Bile  of  a  reddish-brown  colour,  allowing  a  reddish  deposit 
to  subside.  Obtained  no  reaction  of  sugar  with  the  copper 
test.    Pettenkofer's  test  reacted  for  cholic  acid. 

Kidneys,  strong  reaction  of  sugar. 

Cardiac  blood  strongly  saccharine. 

Brain  tissue  strongly  saccharine. 

Muscular  tissue  of  heart  strongly  saccharine. 

Spleen  strongly  saccharine. 

December  6th,  I860.— T.  D — ,  set.  51.    Death  from  an  old-  ' 
standing  lung  complication.     Body  extremely  wasted. 
Kidneys,  no  trace  of  sugar  discoverable. 
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Liver,  no  trace  of  sugar.  The  liver  after  being  perfectly 
dried  yielded  5*2  per  cent,  of  fat  (material  dissolved  by  ether). 

October  19th,  1861. — George  W — ,  set.  24.  Three  days 
before  death,  was  taken  with  symptoms  of  pneumonia  and  pro- 
fuse diarrhoea. 

Lungs  found  hepatized  in  portions.    No  tubercle,  or  evidence 
of  old  disease. 

Urine  from  the  bladder  after  death,  contained  sugar  in  the 
proportion  of  19  grains  to  the  ounce. 

Liver  contained  0*62  per  cent,  of  sugar,  and  after  being 
perfectly  dried  yielded  10*5  per  cent,  of  fat  (material  taken 
up  by  ether).  Weight  3  lbs.  4 J  oz.  Microscopic  appearance 
— cells  rather  transparent,  containing  minute  fat  particles 
which  seemed  rather  sparingly  present;  free  nuclei -looking  bodies. 

Bile  rather  viscid,  and  allowing  a  brownish-red  sediment 
to  subside.  This  sediment,  examined  microscopically,  dis- 
played yeUow  granular  matter,  columnar  epithelial  cells,  and 
colourless  roundish  granular-looking  cells  of  various  sizes. 
Reaction  of  cholic  acid  with  Pettenkofer's  test. 

Kidneys,  weight  together  lOf  oz.,  strongly  saccharine. 

Cardiac  blood  strongly  saccharine. 

February  17th,  1862.— Wm.  P — ,  set.  38.  Diabetes,  with 
no  symptoms  of  complication.  Death  quite  sudden.  Body 
not  emaciated. 

Lungs  quite  healthy. 

Liver,  strong  reaction  of  sugar.  No  amyloid  substance. 
Examined  microscopically,  the  liver-cells  were  irregular  in 
shape  and  charged  sparingly  with  fat  particles  which  were 
small  in  size.  There  were  but  few  free  fat  particles  distributed 
over  the  field.  Besides  the  cells,  blood  corpuscules,  and  fat 
particles,  there  were  many  free  nuclei-looking  bodies  present. 

Bile  of  a  deep  green  colour  with  brownish  tinge,  and  of  a 
rather  viscid  consistence.  Examined  microscopically,  there 
were  only  some  very  small,  yellow,  irregular- shaped  particles 

to  be  seen. 

Kidney,  strong  reaction  of  sugar. 
Spleen,  no  reaction  of  sugar. 

Amongst  the  signs  or  symptoms  of  Diabetes  the  state  of 
the  urine  constitutes  the  most  characteristic  feature  of  the 
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complaint.  It  does  not,  however,  form  the  disease ;  being 
only  one  expression  of  a  disorder  which  exists  elsewhere. 
The  nrine  is  increased  in  quantity  and  altered  in  quahty ; 
the  latter  circumstance  giving  rise  to,  and  in  general  terms, 
it  may  be  said,  regulating  the  former.  The  quantity  of 
urine  which  a  Diabetic  sometimes  passes  is  truly  enormous. 
I  have  known,  myself,  as  much  as  twenty  pints  to  be  voided 
in  the  twenty-four  hours,  but  cases  are  recorded  where  the 
quantity  has  been  even  considerably  higher  than  this.  By 
dietetic  measures  in  Case  IV,  Appendix,  the  amount  of 
urine  was  reduced,  at  one  time,  to  as  low  as  33  oz.  It  is 
the  increase  in  the  quantity  of  urine,  with  the  thirst  that 
is  incidental  to  it,  that  usually  first  arouses  the  patient's 
attention,  and  leads  him  to  believe  that  all  is  not  right. 

The  quantity  of  urine  varies  pretty  closely  with  the 
amount  of  sugar  eliminated,  and  may  be  taken  as  affording 
a  very  good  rough  index  as  to  the  state  of  severity  of  the 
disease.  The  larger  the  quantity  of  sugar  reaching  and 
passing  through  the  blood,  the  larger  the  quantity  of  fluid 
abstracted,  in  order  to  carry  it  away  by  the  kidneys.  I  do 
not  mean  to  say,  that  there  is  a  rigorous  relation  between 
sugar  and  fluid,  because  the  amount  of  the  latter  is  likewise 
influenced  by  a  variety  of  concurrent  circumstances ;  but, 
that  in  general,  a  close  relation  exists  is  strikingly  exemplified 
by  reference  to  North's  case  (Case  I,  Appendix),  in  which, 
great  fluctuations  were  occurring  from  the  different  diets 
administered.  With  only  a  very  few  exceptions,  accom- 
panying each  rise  and  fall  in  the  amount  of  sugar  for  the 
twenty-four  hours,  may  be  noted  a  rise  and  fall,  in  a  similar 
direction,  in  the  amount  of  urine.  If  a  line  were  intro- 
duced into  the  plan  belonging  to  the  case  [vide  opposite 
p.  140),  representing  the  daily  amount  of  urine  in  drachms, 
it  would  be  found  to  fluctuate  throughout  the  greatest 
portion  of  its  extent,  in  harmony  with  the  line  representing 
the  daily  amount  of  sugar.  Indeed,  there  is  only  one  point 
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at  which  the  Hnes  would  be  found  to  cross  each  other, 
namely,  opposite  Feb.  15th,  when  the  diet  consisted  of  jelly, 
meat,  and  beef  tea.  Here,  there  was  a  considerable  de- 
scent in  the  amount  of  sugar  without  a  corresponding  fall 
in  the  quantity  of  urine. 

Looking  to  the  results  obtained  by  recent  analytical  in- 
vestigations, it  is  the  amount  of  sugar  which  may  be  said 
to  give  to  the  urine  its  unnatural  quahty  in  Diabetes,  and 
not  the  simple  fact  of  its  presence ;  for,  sugar,  it  seems^ 
must  in  future  be  ranked  as  a  constituent — to  an  infinitesi- 
mal extent,  it  is  true,  of  healthy  urine.  The  higher  the 
saturation  of  the  urine  with  sugar,  the  greater  of  course 
is  its  deviation  from  the  normal  standard.  The  highest 
degree  of  saturation  I  have  met  with  in  my  analyses  has 
been  47  grs.  to  the  fluid-ounce.  In  Case  III,  Appendix, 
the  urine  was  restored  by  diet,  from  being  charged  to  the 
extent  of  44  and  46  grains  to  the  ounce,  to  its  natural 
quality — that  is  to  say,  restored  to  a  state  affording  no 
reaction  of  sugar  on  being  tested  ordinarily  with  the  cupro- 
potassic  solution.  In  Case  IV  the  lowest  point  at  any 
time  reached,  was  2  96  grs.  to  the  ounce,  for  the  twenty-four 
hours'  urine ;  and  in  Case  I,  the  urine  upon  two  occasions 
contained  only  a  trace  of  sugar. 

It  was  formerly  stated,  that  urea  was  absent  from  the 
urine  of  Diabetics.  Now,  if  such  were  a  fact,  the  idea  might 
be  reasonably  entertained,  that  sugar  in  some  manner  or 
another  took  the  place — or  rather,  partially  the  place,  on 
account  of  the  presence  of  nitrogen  in  the  one  and  its  ab- 
sence in  the  other — of  urea.  Erom  more  recent  investiga- 
tions, however,  the  statement  is  negatived,  and  suspicion 
must  therefore  be  thrown  over  the  correctness  of  former 
analyses.  Urea,  indeed,  has  even  been  frequently  found  to  be 
excreted  in  larger  quantities  in  Diabetes  than  under  a  con- 
dition of  health.  I  beheve  it  may  be  said,  that  urea  and 
sugar  have  no  direct  connection  of  any  sort  with  each  other 
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in  Diabetes.  The  excretion  of  urea  will  be  influenced  by 
the  quantity  and  quality  of  the  food,  and  the  rate  of  de- 
struction of  the  tissues ;  but  I  know  of  nothing  to  show,  that 
it  has  any  immediate  or  primary  bearing  in  connection  with 
the  production  of  sugar. 

The  presence  of  sugar  gives  to  the  urine  an  increased 
density,  and  furnishes  a  character,  which,  combined  with 
the  increased  quantity  of  the  secretion,  serves  to  afford  a 
.significant  indication  of  the  nature  of  the  complaint.  The 
usual  range  of  sp.  gr.  of  Diabetic  urine  may  be  stated  as 
between  1030  and  1050,  but  it  may  be  even  higher  than 
this ;  and,  where  the  disease  has  been  controlled  by  treat- 
ment, it  may  fall  quite  within  the  healthy  standard :  thus, 
upon  one  occasion,  in  North's  case  {vide  in  Appendix  the 
urine  passed  between  9  a.m.  and  1  p.m.  February  15th) 
the  sp.  gr.  fell  to  as  low  as  1010,  and  frequently  was  within 
a  few  degrees  of  this  amount. 

Generally  speaking,  the  sp.  gr.  may  be  taken  as  varying 
with  the  extent  of  saturation  with  sugar.  Such  cannot, 
however,  by  any  means  be  accepted  as  an  undeviating  oc- 
currence ;  for,  not  unfrequently,  there  is  very  far  from  an 
accordance  between  the  two.  Referring  again  to  North's 
case,  a  proof  in  point  may  be  brought  forward.  On  Feb. 
8th  the  urine  passed  between  1  and  5  a.m.  was  of  a  sp.  gr. 
1032  and  contained  23-05  grains  of  sugar  per  oz.;  whilst 
the  urine  collected  from  9  a.m.  to  1  p.m.  had  a  sp.  gr.  of 
1023,  but  contained  24-40  grains  of  sugar  to  the  oz.  This 
is  one  example,  but  several  of  a  parallel  character  might  be 
quoted ;  so  that  the  sp.  gr.  must  not  be  looked  upon  as 
affording  an  absolutely  safe  criterion  or  reliable  index,  of 
the  proportion  of  sugar  that  is  present.  As  a  rule,  how- 
ever, in  accordance  with  general  belief,  the  sp.  gr.  of  the 
urine  may  be  accepted  as  forming  a  pretty  correct  rough 
guide  for  estimating  the  degree  of  saccharine  impregna- 
tion belonging  to  different  specimens;  it  being  always 
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borne  in  mind,  that  exceptions  to  the  rule  may  not  unfre- 
quently  occur,  on  account  of  there  being  other  circum- 
stances to  influence  the  sp.  gr.  besides  the  presence  of  sugar. 
Under  restriction,  for  instance,  to  animal  food,  where  a 
large  quantity  is  consumed,  the  sp.  gr.  of  the  urine  may 
keep  up,  whilst  the  quantity  of  sugar  has  declined. 

The  colour  of  Diabetic  urine  will  depend  upon  the  amount 
of  fluid  that  happens  to  be  eliminated.  In  an  ordinary 
case  of  Diabetes,  where  several  pints  of  urine  are  passed  in 
the  twenty-four  hours,  and  it  is  all  mixed  together ;  it  ap- 
pears almost  as  colourless  as  water.  There  is  only  a  certain 
amount  of  colouring  matter  to  be  got  rid  of  from  the  sys- 
tem ;  and  this,  being  diffused  through  a  large  instead  of  a 
moderate  bulk  of  fluid,  creates  the  diff'erence  visible  to  the 
eye  between  healthy  and  Diabetic  urine.  Where  the  urine 
is  collected  in  separate  portions,  for  different  periods  during 
the  twenty-four  hours,  it  is  found  that  the  colour  of  the  dif- 
ferent specimens  usually  presents  a  considerable  degree  of 
variation.  This  is  shown  on  reference  to  the  tabular  arrange- 
ment of  results  in  North's  case.  Under  a  mixed  diet,  when 
any  difference  existed,  as  was  the  case  in  five  out  of  the  seven 
days  that  he  was  allowed  ordinary  mixed  food,  the  speci- 
men passed  between  one  and  five  in  the  morning  stood  out 
prominently  as  to  height  of  colour  from  the  rest,  and  some- 
times closely  approached  in  appearance  the  character  of 
healthy  urine.  Under  a  purely  animal  diet,  by  which  the 
quantity  of  urine  is  materially  diminished,  the  secretion 
may  not  be  distinguishable  by  the  eye  from  urine  belonging 
to  the  natural  state. 

The  clearness  of  Diabetic  urine  is  another  of  its  con- 
spicuous characters.  In  the  uncontrolled  form  of  the 
disease,  the  urine  never  throws  down  any  lithate  deposit. 
Restriction,  however,  to  an  animal  regimen  alters  the  case. 
I  have  here  seen  a  copious  sediment  subside,  consisting  of 
lithates.    Such  urine  also  often  gives  rise  to  the  production 
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of  crystals  of  lithic  acid,  especially  after  standing  for  some 
time  ;  when,  I  expect,  the  acid  generated  by  the  lactic  acid 
fermentation  of  sugar,  liberates  the  lithic  acid,  which  forms 
in  crystals  on  the  sides  of  the  vessels,  just  in  the  same  way 
as  on  the  addition  of  an  acid  to  healthy  urine. 

Several  cases  have  been  placed  upon  record,  where  an 
appearance  of  albumen  has  occurred  in  the  urine  during 
the  existence  of  Diabetes.  Probably,  in  some  of  these  cases, 
the  additional  morbid  element  may  have  depended  upon  a 
structiu-al  disorganization  of  the  kidney ;  but,  I  quite  think 
that  in  others,  the  presence  of  the  albumen  may  have  resulted 
from  a  defective  performance  of  the  assimilative  process, 
as  regards  this  principle ;  just  as  I  believe  Diabetes  to  be 
caused  by  a  similar  occurrence  as  regards  the  saccharine 
principle.  Facts  might  be  mentioned,  which  prove,  that  an 
elimination  of  albumen  may  take  place,  owing  to  the  form 
in  w^hich  it  is  present  in  the  blood.  And,  as  saccharine  urine 
can  be  occasioned  artificially  by  puncturing  a  certain  part 
of  the  medulla  oblongata,  so  it  has  likewise  been  shown  by 
Bernard,  that  albuminous  urine  has  resulted,  when  the 
puncture  has  been  made  a  little  higher  up.  This  strikingly 
suggests,  that  there  may  sometimes  be  a  close  connection, 
as  to  the  mode  of  production  of  these  two  conditions.  In  an 
experiment  of  my  own,  many  years  ago ;  after  puncturing  the 
medulla  oblongata  of  an  animal  to  produce  artificial  Diabetes, 
I,  not  only,  noticed  the  presence  of  sugar,  but  likewise  of 
albumen.  I  cannot  say,  it  is  true,  that  the  urine  was  not 
albuminous  before  the  experiment;  because,  it  did  not 
happen  to  have  been  tested  for  that  principle ;  but,  there  is 
every  reason  to  believe  that  it  was  not  so,  the  animal  to  all 
appearances  having  previously  been  in  a  perfectly  healthy 
condition. 

Next  to  the  increase  in  the  quantity  of  the  urine,  thirst 
is  the  most  prominent  and  characteristic  symptom  of  Dia- 
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betes.    The  insatiable  thirst  of  which  Diabetics  so  con- 
stantly complain  is  easily  accounted  for  upon  physiological 
principles.  Sugar  in  its  escape  from  the  system  through  the 
renal  organs,  carries  with  it  the  water  of  the  blood,  and  thus, 
is  tending  to  alter  the  natural  relation  between  the  solids  and 
fluids  of  the  circulation.  As  soon  as  the  proportion  of  fluid  to 
solids,  in  the  blood,  is  reduced  below  the  normal  standard,  a 
sensation  is  excited,  which  induces  in  the  animal  a  craving 
after  that  which  is  required  to  restore  the  balance  to  its 
proper  point.   Thirst  like  hunger  is  a  warning  provided  by 
nature  to  indicate  to  us,  when  a  certain  requirement  exists 
— a  warning  which  if  not  responded  to,  becomes  almost  irre- 
sistible, from  the  distress  that  it  occasions.  It  does  not  signify 
in  what  way  the  blood  may  become  of  too  concentrated  a 
character;  whether,  by  the  ingestion  of  a  large  quantity  of 
saline  matter  as  from  eating  salt  provisions ;  whether,  by  an 
extensive  ehmination  of  fluid  from  the  system ;  or  whether, 
by  abstinence  from  drinking :  in  each  case,  the  result  is  the 
same,  and  a  sensation  of  thirst  is  excited.    In  Diabetes, 
the  strong  desire  that  exists  for  fluids  leads  to  a  replace- 
ment of  the  water  that  is  so  largely  carried  away  through 
the  kidneys.    The  thirst  of  Diabetics,  also,  besides  being 
occasioned  by  the  large  escape'of  Kquid  taking  place,  may 
likewise  be  partially  dependent  upon  the  physical  presence 
of  sugar  in  the  blood,  which  must  have  the  effect  of  in- 
creasing the  density  of  the  fluid. 

By  the  extent  of  desire  that  exists  for  fluids,  a  pretty 
correct  estimate  may  be  arrived  at,  of  the  degree  of  severity 
of  the  complaint.  Other  circumstances  being  equal,  it  may 
be  given,  that  the  greater  the  quantity  of  sugar  reaching 
the  general  circulation,  the  greater  will  be  the  fluid  escap- 
ing through  the  kidneys,  and  the  greater  the  thirst  that 
is  experienced. 

Hunger  is  another  usual  accompaniment  of  Diabetes, 
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although  sometimes,  especially  in  the  milder  forms  of  the 
complaint,  the  appetite  may  not  be  excessive  ;  and,  even  in 
the  severer  forms,  it  not  unfrequently  happens,  that  there 
may  be,  for  a  while,  a  complete  loss  of  appetite,  particularly 
towards  an  unfavorable  close  of  the  disease. 

Hunger  indicating  the  want  of  solids,  just  as  thirst  in- 
dicates that  of  fluids ;  it  is  not  surprising  that  it  should  con- 
stitute, in  general,  a  feature  of  Diabetes,  and  lead  to  the 
consumption  of  an  excessive  bulk  of  food,  seeing  how  much 
of  this  food  filters  through  the  system  as  useless,  instead  of 
administering  to  the  requirements  of  the  economy,  as  under 
a  condition  of  health.  Besides  this,  however,  there  seems 
to  be  evidence— not  unfrequently  at  least — of  an  excessive 
waste  of  tissue  taking  place  in  this  complaint;  and,  a  demand 
for  food,  which  gives  rise  (from  the  sensation  of  hunger  ex- 
cited) to  an  increased  consumption,  may  be  created  under 
this  score.  The  appetite  of  some  Diabetics  is  truly  enor- 
mous, and  unless  frequently  satisfied,  the  feeling  that 
results,  produces  the  greatest  discomfort.  It  is  not  un- 
common, for  us  to  have  Diabetics  who  are  at  all  times  ready 
to  clear  up  everything  left  by  their  fellow-patients  in  the 
ward,  and  who  express  themselves  as  feeling  when  they  sit 
down  to  dinner  as  if  they  could  devour  everything  placed 
upon  the  table.  The  sensation  has  been  described  to  me, 
as  that  of  a  sinking  or  emptiness  at  the  pit  of  the  stomach] 
which,  even  a  full  meal  has  not  thoroughly  removed. 

The  mouth  is  complained  of  as  being  dry,  and  the  tongue 
is  often  clammy  and  covered  on  its  surface  with  a  white 
creamy  fur  or  mucus ;  but  at  other  times,  it  may  be  red  and 
preternaturally  clean. 

Patients  sometimes  experience  a  sweet  taste  in  the 
mouth;  and  in  those,  where  the  disease  has  been  miti- 
gated  by  treatment,  this  may  be  one  of  the  signs  by 
which  they  know  when  they  have  taken  anything  pre- 
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judicial  to  their  complaint.  The  saliva  not  being  sac- 
charine, to  produce  this  impression  of  sweetness,  it  has 
been  suggested,  that  it  should  be  looked  upon  as  due  to  the 
existence  of  sugar  in  the  blood  directly  affecting  the  nerves 
of  taste.  Magendie  found  on  injecting  bitter  solutions 
into  the  veins  of  dogs,  that  the  animals  manifested  the  same 
signs  of  disgust  as  when  the  substance  had  been  introduced 
directly  into  the  mouth ;  and,  it  has  been  also  observed,  on 
substituting  a  relishable  liquid,  like  beef  tea,  for  the  bitter 
infusion,  as  the  injection,  that  the  animals  have  Hcked  their 
lips,  as  if  perceiving  an  agreeable  sensation.  It  has  been 
suggested  in  these  cases,  as  in  that  of  Diabetics  also,  that 
the  particular  substance  in  the  blood,  on  arriving  at  the 
capillaries  of  the  mouth,  influences  the  extremities  of  the 
gustatory  nerves,  just  as  if  it  had  been  placed  in  contact 
with  the  mucous  surface. 

The  state  of  the  intestine  is  exceedingly  variable  in  Dia- 
betes. In  one  patient,  there  may  be  a  tendency  to  obstinate 
constipation ;  in  another,  to  diarrhoea ;  whilst  in  a  third,  there 
may  be  no  departure  from  what  is  natural.  Sometimes, 
cases  are  attended,  with  constipation  at  one  time,  and 
diarrhoea  most  difficult  to  check  at  another.  I  have  seen  the 
inspection  of  a  few  cases  in  the  hospital  post-mortem  room, 
where  the  occurrence  of  diarrhoea  has  occasioned  such  an 
amount  of  prostration  as  to  have  constituted  the  immediate 
cause  of  death ;  and  I  have  sometimes  thought,  that  the  state 
of  the  intestine  may  have  had  some  primary  connection  with 
the  cause  of  the  complaint. 

There  is  a  peculiar  odour  exhaled  from  the  system,  in 
the  breath  of  the  Diabetic  patient,  which  has  been  differ- 
ently described  by  different  authorities.  My  own  expe- 
rience accords  with  that  of  Dr.  Watson,  and  leads  me  to 
speak  of  it  as  more  resembhng  the  smell  of  ripe  apples  than 
that  of  anything  else  I  am  acquainted  with.    It,  in  fact,  is 
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not  unlike  the  odour  evolved  from  the  urine,  and  similar  in 
character  although  less  powerful,  to  what  I  have  often 
perceived  on  testing  for  lactic  acid  in  an  animal  product. 
According  to  Dr.  Front's  description,  the  exhalation  is 
compared  to  a  sweetish  hay-like  odour. 

The  cutaneous  function  is  not  always  influenced  alike  in 
this  complaint.  Certainly,  the  usual  character  that  the  skin 
presents  is  that  of  dryness  and  harshness.  This  is  fre- 
quently spoken  of  as  producing  considerable  discomfort. 
The  cuticle  on  the  palmar  surface  of  the  hand  is  unnaturally 
hard  and  stiff",  and  in  the  fmTows  produced  by  flexion,  in- 
stead of  a  transparence,  there  is  a  white  and  mealy  appear- 
ance. The  cuticle,  in  fact,  from  its  dryness,  has  lost  its 
usual  supple  character,  and  shows  a  disposition  to  crack  in 
the  hues  where  flexion  occurs.  Sometimes,  on  the  other 
hand,  the  patient  may  be  frequently  troubled  with  profuse 
perspirations.  I  have  known  Diabetics,  even  when  the  dis- 
ease has  been  at  its  height,  sweat  most  profusely.  In  one 
case  that  I  particularly  noticed  a  few  years  ago,  I  used  often 
to  find  the  patient,  on  my  visit  to  the  ward  in  the  afternoon, 
lying  upon  his  bed,  with  his  face  thickly  covered  with  drops 
of  perspiration.  There  was  no  pulmonary  complication 
existing  in  this  person. 

The  general  appearance  of  a  Diabetic  is  often  quite  suffi- 
cient to  denote  at  once,  to  an  experienced  eye,  the  nature 
of  his  complaint,  without  the  necessity  of  putting  a  single 
question.  There  is  an  emaciated  condition  of  the  body ; 
but,  besides  this,  there  is  a  strikingly  careworn,  dejected, 
miserable,  and  pinched-up  expression,  so  indicative  of  the 
despondent  state  of  mind,  and  the  constant  bodily  uneasi- 
ness or  distress,  belonging  to  the  confirmed  stage  of  the 
disease.  The  emaciated  appearance  may  be  in  part  due  to 
the  large  abstraction  of  fluid  that  is  constantly  going  on, 
but  there  is  also  a  rapid  waste  of  tissue  taking  place,  so 
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that  the  patient  loses  in  weight  and  strength  as  the  disease 
advances.  It  is  not  to  be  wondered  at,  that  such  a  defi- 
ciency of  adipose  tissue  should  be  noticeable  in  the  fully 
developed  form  of  the  complaint,  seeing  that  the  saccharine 
alimentary  principle,  which  forms  so  large  a  bulk  of  our 
ordinary  food,  passes  through  the  system  and  is  lost,  instead 
of  contributing,  as  it  ought  to  do,  to  the  production  of  fat, 
and  the  maintenance  of  the  animal  heat.  Proof  is  no  longer 
needed  to  show  that  animals  have  the  power  of  converting 
starch  and  sugar  into  fat.  They  become  fat  upon  materials 
abounding  in  these  principles.  Deprive  them  of  the  power 
of  elaborating  or  assimilating  these  substances,  and  one 
source  of  fat — a  most  important  one,  I  believe — is  imme- 
diately removed.  Hence,  kept  upon  an  ordinary  diet,  it  is 
not  surprising,  I  say,  that  Diabetics  should  become  so  de- 
prived of  adipose  tissue ;  because,  they  allow  that  to  pass 
through  the  body  and  escape  with  the  urine,  which  ought 
to  be  retained  for  its  production. 

Debility  is  a  symptom  that  is  always  complained  of, 
when  the  disease  exists  in  an  inveterate  form.  The  patient 
experiences  languor  or  lassitude,  with  an  inabihty  for  sus- 
tained muscular  exertion.  There  is  usually,  also,  a  dull 
pain  spoken  of,  with  a  sense  of  fatigue  in  the  back,  loins, 
and  lower  extremities.  Sometimes,  these  are  the  symptoms 
that  are  most  dilated  upon  by  the  patient,  in  seeking  ad- 
vice, before  the  nature  of  his  malady  has  been  made  known 
to  him.  Under  such  circumstances,  his  ailment  may  for  the 
moment  appear  of  the  most  indefinite  description,  until  in- 
quiries are  made  as  to  the  state  of  the  urinary  function,  when 
a  clue  is  at  once  given,  that  leads  to  a  proper  diagnosis. 

It  would  seem,  that  something  beyond  the  waste  of  tissue 
is  required  to  account  for  the  debility  that  is  experienced  in 
Diabetes.  It  follows  as  a  natiu-al  consequence,  it  is  true, 
that  when  the  muscular  tissue  has  undergone  a  considerable 
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extent  of  atrophy,  there  cannot  be  the  capacity  for  dis- 
playing an  ordinary  manifestation  of  power.    The  heart 
exhibits  the  same  character  that  prevails  throughout  the 
other  parts  of  the  body,  and  thus,  the  weakness  of  the  pulse 
that  occurs.    Now,  although  such  a  state  of  the  muscular 
system  may  go  towards  accounting  for  the  loss  of  muscular 
force  noticeable  in  advanced  cases;  yet,  the  presence  of 
sugar  in  the  blood  would  appear  to  have  something  to  do 
also,  with  this  defective  manifestation  of  power.  North, 
when  he  had  been  kept  some  time  on  animal  food,  and  had 
regained  strength  and  vigour,  complained,  immediately  he 
partook  of  a  mixed  diet,  that  he  seemed  to  have  no  hfe, 
energy,  or  power  about  him.    He  could  tell  by  his  general 
feelings,  w^hen  any  article,  or  a  particular  kind  of  diet,  pro- 
duced a  material  increase  in  the  extent  of  elimination  of 
sugar.    The  explanation  of  this  sudden  change,  appears  to 
me  to  be,  that  the  blood,  when  highly  charged  with  sugar, 
ceases  to  hold  a  healthy  position.    It  is  well  known,  that 
for  the  efficient  exercise  of  the  various  functions  of  life,  a 
healthy  state  of  the  blood  is  required.    Under  any  material 
deviation  from  the  natural  constitution  of  this  fluid,  it  will 
cease,  to  a  greater  or  less  extent,  to  be  favorably  adapted 
for  administering  to  its  various  purposes ;  and,  the  organs, 
as  regards  degree  of  efficiency  of  the  work  they  perform,  will 
be  in  default  accordingly.    For  the  muscular  tissue  to  ex- 
ercise its  natural  functional  activity,  a  supply  of  blood,  pos- 
sessing a  natural  constitution,  is  demanded,  as  one  of  the 
conditions  required.   And,  where  a  large  amount  of  sugar  is 
constantly  passing  through  the  circulation,  as  is  the  case  in 
the  mveterate  form  of  Diabetes ;  such  an  alteration,  I  appre- 
hend, is  established,  as  may  be  taken  satisfactorily  to  account 
for  a  deterioration  in  muscular  strength. 

What  has  just  been  said,  may  be  accepted  also,  as  apply, 
mg  to  the  loss  of  virility  that  is  known  to  occur  where  the 
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Diabetic  condition  is  intense.  I  look  upon  the  altered  con- 
stitution of  the  blood,  as  leading  to  the  interruption  of 
functional  activity  in  this  respect,  and  such  a  conclusion  is 
strongly  corroborated  by  a  part  of  the  history  of  one  of  the 
cases  in  the  appendix.  North  (Case  I),  to  whom  I  have 
before  so  frequently  referred,  gave  an  account  of  a  loss  of 
sexual  feeling  accompanying  his  complaint  from  its  onset, 
until  its  intensity  was  subdued  by  restriction  to  an  animal 
diet.  A  few  days  after  he  had  been  placed  upon  animal 
food,  by  which  the  quantity  of  sugar  eliminated  was  most 
materially  reduced ;  he  confidentially  mentioned  to  the  re- 
porter of  his  case,  that  he  felt  certain  he  was  getting  better, 
on  account  of  a  particular  symptom  he  had  observed.  He 
had,  according  to  his  statement,  been  like  a  child  hitherto 
during  his  illness,  but  now,  he  found  that  the  nature  of  man 
had  returned  upon  him.  The  restoration  of  the  blood,  to 
a  closer  approximation  to  its  natural  state,  enabled,  I  pre- 
sume, functional  performances  to  be  renewed,  which  had 
previously  been  held  in  abeyance. 

There  is  a  point  in  connection  with  Diabetes,  which  has 
recently  excited  considerable  interest— I  mean,  the  occur- 
rence of  cataract— on  account  of  some  experiments,  which 
have  lately  been  performed,  showing  that  cataract  may  be 
produced  artificially  by  the  introduction  of  sugar  into  the 
system.  Dr.  Prout,  in  the  fifth  edition  of  his  work  on 
'  Stomach  and  Renal  Diseases,'  1848,  p.  32,  thus  refers,  in 
the  form  of  a  note  to  the  association  of  Diabetes  with  cata- 
ract :  "  As  other  instances  of  Diabetic  derangement  and 
"  debility,  I  may  state  that  I  have  seen  two  cases  of  the 
"  disease  accompanied  by  cataract.  The  one  in  a  gentle- 
"  man  between  fifty  and  sixty  (lately  dead);  the  other  in  a 
"  young  man  between  twenty  and  thirty.  The  young  man 
"  had  been  successfully  operated  on,  and  when  I  last  saw 
"  him,  appeared  likely  to  recover  his  sight." 
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Scarcely  any  attention  seems  to  have  been  afterwards 
given  to  this  matter,  until  Mr.  France  {'  Oplitlialmic  Hos- 
pital Reports,'  January,  1859,  and  '  Guy's  Hospital  Re- 
ports,' 1860  and  1861),  placed  upon  record  an  array  of 
cases,  strongly  tending  to  show,  the  existence  of  some  im- 
mediate connection,  between  the  occurrence  of  cataract  and 
the  presence  of  Diabetes.  One  of  Mr.  Prance's  cases,  was 
originally  admitted  into  the  clinical  ward,  under  my  own 
care,  in  July,  1860,  and  remained  in  my  hands  a  short 
time,  previous  to  being  transferred  to  the  ophthalmic  de- 
partment. The  case  was  that  of  a  woman  aged  thirty-four, 
who,  at  the  time  of  admission  was  passing  from  four  to  six 
quarts  of  urine  (sp.  gr.  1040)  a  day,  which  in  the  course  of 
a  httle  more  than  a  week  became  reduced  to  three  and 
two  pints  only.  Her  impairment  of  vision  had  gra- 
dually taken  place,  and  both  eyes  were  affected  alike. 
From  Mr.  France's  examination,  it  was  found,  that  there 
existed  symmetrical,  opalescent,  lenticular  cataracts  (with 
superficial  striae)  of  unusual  bulk.  She  could  walk  about 
the  ward  without  assistance,  and  could  distinguish  large 
objects  before  her,  but  could  not  see  sufiiciently  to  make 
out  their  outlines.  Her  Diabetic  complaint  had  been  of 
about  two  years'  duration,  and  about  five  months  had 
elapsed,  since  she  commenced  to  notice  any  affection  of  her 
sight. 

The  experimental  evidence,  which  has  been  recently 
brought  forward,  on  the  opposite  side  of  the  Atlantic,  har- 
monises with  the  inference  that  had  already  been  drawn 
from  practical  observation ;  and,  beyond  all  question,  shows 
how  immediately  connected  the  occurrence  of  a  cataractous 
condition  of  the  eyes  is,  with  a  saccharine  state  of  the  sys- 
tem. Dr.  S.  Weir  Mitchell  ('  On  the  production  of  Cata- 
ract in  Frogs  by  the  administration  of  Sugar' — '  American 
Journal  of  Medical  Science,'  January,  1860),  whilst  per- 
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forming  experiments  upon  the  osmosis  of  woorara  through 
animal  membranes,  incidentally  found,  that  the  injection  of 
a  certain  amount  of  syrup  underneath  the  skin  of  frogs, 
occasioned  death  within  a  few  hours ;  and,  at  the  same  time,' 
produced  a  white  appearance  of  the  eyes,  which  proved  to 
depend  upon  cataract.  Subsequent  experiments  were  con- 
ducted, to  ascertain  the  manner  in  which  the  effect  upon  the 
eyes  was  produced.  I  will  give  an  extract  of  one  of  the  ex- 
periments related,  which  will  speak  for  itself  on  the 
subject. 

''Experiment. — About  two  drachms  of  syrup  were  in- 
"  jected  under  the  skin  of  a  large  frog.    In  twenty-four 
"  hours  the  lens  was  opaque,  and,  as  the  animal  appeared 
lively,  it  was  placed  in  water,  in  order  to  test  the  perma- 
r*/  nence  of  the  opacity.    Ten  hours  in  the  water  sufficed 
1;S  tjo  remove  most  of  the  opacity  from  the  lens,  which  began 
T     clear  in  the  centre  first.    Twenty-four  hours  after  the 
"  frog  had  been  placed  in  water,  the  eyes  were  perfectly 
"  transparent,  and  the  animal  itself  entii-ely  well." 

Dr.  Mitchell  also  observed  that  the  same  effect  could  be 
produced  by  soaking  the  eyes  of  frogs,  or  the  lenses  them- 
selves, in  a  solution  of  sugar ;  and,  that  when  cataract  was 
occasioned,  it  disappeared  on  placing  the  lenses  in  water. 
The  conclusions,  he  has  summed  up  with,  are : — ''First.  That 
sugar  in  large  amounts  destroys  the  Hfe  of  the  frog  when 
"  given  internally,  injected  under  the  skin,  or  thrown  'into 
the  stomach.    Second.  That  an  abundant  supply  of  water 
"  frequently  enables  the  frog  to  eliminate  the  sugar  and 
escape  death.    TJiird.  That  the  formation  of  a  pecuHar 
variety  of  cataract  is  one  of  the  most  curious  and  striking 
"  symptoms  attendant  upon  the  sugar  poisonmg.  Fourth. 
"  That  the  cataract  is  due  to  mechanical  disturbances  of 
the  form  and  relative  position  and  contents  of  the  com- 
ponent  tubes  of  the  lens.^' 
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Dr.  Ricliardson  The  Synthesis  of  Cataract."— '  Journal 
de  hi  Physiologie,  par  E.  Brown-Sequard/1 860),  has  repeated 
and  confirmed  Dr.  Mitchell's  experiments.  He  has  also 
tried  the  effect  of  a  great  variety  of  other  solutions,  and 
has  found  them  to  act  in  the  same  way  as  syrup,  with  the 
exception  of  the  iodide  of  potassium,  which  left  the  lens 
unaffected  in  every  case.  In  his  summary,  he  says  :  "  In 
"  the  first  place  it  is  to  be  observed  that  the  success  of  the 
"  experiment  in  producing  the  cataractous  condition  turns 
"  on  the  specific  gravity  of  the  fluid  injected.  It  required 
"  in  every  example  that  the  specific  gravity  should  exceed 
"  1045,  in  other  words  that  it  should  exceed  the  specific 
"  gravity  of  the  blood.    But  so  soon  as  a  condition  of  the 

blood  was  obtained,  so  soon  as  the  circulating  fluid  could 
"  afibrd  secretions,  having  an  abnormal  density,  then  the 
*'  cataractous  change  was  induced,  and  lasted  so  long  as  the 
*'  blood  retained  its  abnormal  state/' 

I  regard  these  experiments  on  the  artificial  production  of 
cataract,  as  of  great  interest,  on  account  of  their  showing, 
the  manner  in  w^hich  morbid  results  may  arise  in  concur- 
rence with  Diabetes.  I  have  before  given  it  as  my  opinion, 
that  the  affection  of  the  lungs,  and  other  complications, 
attendant  upon  Diabetes,  depended  upon  the  presence  of 
sugar  in  the  blood  producing  such  a  deviation  from  its 
natural  character,  as  to  interfere  with  the  conditions  re- 
quired for  the  healthy  performance  of  the  nutritive  and 
other  operations  of  life.  These  experiments  on  the  eye,  give 
a  strong  aspect  of  probability,  to  an  opinion  founded  entirely 
upon  other  considerations.  The  physical  alteration  of  the 
blood,  caused  by  the  presence  of  a  certain  amount  of  sugar, 
disturbs  its  natural  position  in  relation  to  the  structure  of 
the  lens,  so  as  to  lead  to  the  production  of  an  abnormal 
condition  of  the  latter.  Prom  the  same  kind  of  disturbance, 
morbid  occurrences  may  arise  in  connection  with  other 
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Structures.  The  deviation  from  the  healthy  standard  of 
relation  between  blood  and  texture  is  such,  that  a  very 
trifling  cause  may  be  sufficient  to  disturb  the  balance  directed 
towards  healthy  nutrition ;  and  so,  lead  to  the  occurrence  of 
congestion  and  inflammation. 

In  the  treatment  of  Diabetes,  as  there  has  been  nothing 
yet  made  known,  which  enjoys  the  property  of  eff^ecting  a 
direct  cure  of  the  complaint  in  its  inveterate  form ;  all  that 
we  can  succeed  in  performing  at  present  is,  to  produce  a  pal- 
hation  of  its  symptoms  and  its  severity.  Happily,  I  believe, 
the  cases  are  very  few,  in  which  the  measures  at  our  com- 
mand, will  fan  in  enabling  the  patient  to  live  in  a  fair 
amount  of  comfort  and  security. 

The  disease  in  its  recognisable  result,  consists  of  a  de- 
fective power  of  assimilation,  over  one  of  the  ahmentary 
principles  we  consume.  And,  I  earnestly  echo  the  opinion 
of  Dr.  Prout  that the  first  and  chief  point  to  be  attended 
"  to  in  the  treatment  of  Diabetes  is  diet."  With  a  healthy 
person,  when  saccharine  and  farinaceous  materials  are 
ingested,  as  in  the  form  of  bread  and  many  other  vegetable 
articles  of  food,  we  lose  sight  of  them  in  the  system ;  be- 
cause, there  is  an  aptitude  for  assimilating  them,  so  that, 
they  become  serviceable  for  administration  towards  the  re- 
quirements of  Hfe.  Their  physiological  destination  fulfilled, 
their  elements,  it  may  be  fairly  presumed,  escape  chiefiy 
in  the  form  of  carbonic  acid  and  water  from  the  body.  With 
the  Diabetic,  however,  such  kind  of  food,  instead  of  being 
appropriated,  is  allowed  to  filter  through  the  system  un- 
decomposed.  A  morsel  of  bread  being  eaten,  the  starch  is 
converted  into  sugar,  but  the  transformation  proceeds  no 
further.  There  exists  the  incapacity  for  carrying  out  any 
subsequent  elaboration ;  and,  as  the  consequence,  the  sugar 
reaching  and  cii'culating  with  the  blood,  is  pumped  off", 
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with  its  elementary  constitution  unchanged,  by  the  kidneys; 
producing  symptoms  of  constitutional  derangement  in  its 
passage  through  the  system. 

The  object,  it  must  be  admitted  by  all,  to  be  kept  in 
view  in  the  treatment  of  Diabetes,  is  to  place  the  patient  in 
a  state  as  closely  approximating  the  standard  of  health  as 
possible.  In  no  complaint,  have  we,  I  believe,  so  plain  an 
indication  before  us,  of  the  precise  nature  of  the  end  to  be 
attained  as  in  this.  In  Diabetes,  par  excellence,  the  man- 
agement of  the  case  is  open  to  rational  principle  for  its 
guidance.  An  element  of  our  food,  from  a  want  of  being 
properly  rendered  susceptible  of  disposal,  makes  its  transit 
through  the  body  by  means  of  the  circulation,  and  thus, 
gives  to  the  blood  a  deviation  from  its  natural  condition. 
When  it  is  taken  into  consideration,  what  an  enormous 
quantity  of  sugar  may  be  voided  in  Diabetes  (in  Case  II, 
Appendix,  my  examination  one  day  gave  me  upwards  of 
nineteen  thousand  grains,  in  fact,  rather  over  2f  lbs.  for 
the  tw^enty-four  hours)  it  is  evident,  how  great  must  be 
the  alteration,  in  the  state  of  the  blood,  from  that  which  is 
normal ;  for  such  an  amount  of  sugar,  in  such  a  si)ace  of 
time,  to  pass  through  it.  To  reduce  the  extent  of  altera- 
tion, to  its  minimum  degree  possible,  is,  I  hold,  the  point 
that  should  be  sought  to  be  attained  by  treatment.  No 
one  will  deny,  the  desirability  of  placing  the  circulating 
fluid  in  as  physiological  a  state  as  possible,  in  order  that  it 
may  be  in  a  position  healthily  to  administer  to  the  functional 
operations  of  life. 

To  abstain  from  the  particular  element  of  food,  which 
fails  in  the  Diabetic  to  be  assimilated,  forms  the  rational 
course  of  procedure  to  accomplish  the  object  that  has  been 
mentioned.  And,  happily  for  the  patient,  the  withdrawal 
of  this  ahmentary  principle  does  not  in  itself  entail  any  in- 
jurious consequences.    There  are  those,  dwelling  in  some 
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parts  of  the  globe,  who  habitually  subsist  without  it.  Its 
place  can  be  supplied  by  another  principle,  differing  in 
character,  but  having  the  same  physiological  destination ; 
and,  connected  with  which,  there  is  no  defective  power  of 
appropriation  apparent  in  Diabetes. 

Restriction  from  saccharine  and  farinaceous  articles  of 
food,  in  some  cases,  temporarily  eradicates  every  symptom 
of  the  complaint.  I  have  already  referred  to  cases  of  this 
description,  that  have  fallen  under  my  own  observation. 
Bouchardat,  as  far  back  as  1841,  noticed  indeed  this  occur- 
rence, and  placed  upon  record,  in  the  '  Comptes  Rendus  de 
I'Academie  des  Sciences,'  two  cases  where  such  an  effect 
had  been  produced.  Mr.  CampHn,  who  has  kept  his  disease 
at  bay  for  ten  years,  as  remarked  by  Dr.  Parkes,  ap- 
pears to  have  suffered  only  from  this  form  of  the  disease, 
viz.,  the  sugar  owning  no  origin  but  that  du^ectly  due  to  the 
food. 

In  the  common  form  of  the  complaint,  although  the 
restriction  in  diet  palliates  the  symptoms,  by  materially  re- 
ducing the  amount  of  sugar  for  escape ;  yet,  the  sugar 
never  entirely  disappears  from  the  urine.  Notwithstand- 
ing, however,  that  the  sugar  cannot  be  made  to  disappear, 
yet  its  reduction  in  amount,  I  feel  most  strongly,  places  the 
patient  in  a  position,  not  only,  of  much  greater  comfort,  but 
likewise  of  much  greater  security,  than  he  otherwise  would 
be.  A  Diabetic,  who  is  voiding  a  large  quantity  of  sugar, 
and  continues  unrestricted  in  diet,  dwells  among  us,  with 
but  a  very  insecure  hold  upon  life.  With  the  constitution 
of  the  circulating  fluid,  so  altered  by  the  presence  of  sugar 
passing  in  such  quantity  through  it,  very  slight  causes  are 
sufficient  to  set  up  disturbances  which  may  prove  of  the 
most  serious  character  to  the  patient.  A  great  many  cir- 
cumstances, which  would  lead  only  to  a  trivial  and  tem- 
porary derangement  in  a  healthy  person,  are  observed  in 
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the  intensely  marked  form  of  Diabetes,  to  occasion  even  a 
fatal  result.  From  what  I  have  seen  upon  looking  around, 
I  am  strongly  of  opinion,  that  when,  by  dietetic  measures, 
the  elimination  of  sugar  is  kept  down ;  the  patient  is  not 
in  the  same  way  liable,  to  those  accidental  complications, 
which  so  frequently  produce  a  fatal  termination  in  Diabetes. 
I  do  not  go  so  far  as  to  say,  that  the  restriction  in  diet 
will  in  every  case  prevent  Diabetes  from  proving  fatal ; 
because,  it  would  seem,  that  a  form  of  Diabetes  may  occur, 
with  some  other  circumstance  in  operation,  to  produce  a 
gradual  faihng  of  the  health,  besides  the  mere  functional 
aberration  as  to  saccharine  assimilation;  but,  I  do  think, 
that  the  secondary  ailments  may  be,  in  a  great  measure,  if 
not  entirely,  staved  off  by  it.  I  quite  concede,  that  after  a 
Diabetic  has  had  his  complaint  for  some  time,  his  system 
having  become  habituated  to  the  unnatural  condition,  he 
may  experience  but  little  personal  inconvenience  upon  an 
unrestricted  diet,  although  he  is  voiding  an  enormous 
quantity  of  sugar  every  day.  As  far  as  I  am  informed,  how- 
ever, by  what  I  have  heard  of,  and  seen ;  such  a  person  is 
living  in  comparative  and  unnecessary  insecurity.  He  is 
exposed  to  the  occurrence  of  incidental  complaints,  of  a  fatal 
character ;  which  a  closer  approximation  to  the  healthy  state, 
as  regards  constitution  of  his  blood,  might  have  enabled 
him  to  escape. 

The  influence  that  diet  is  known  to  exercise  over  the 
elimination  of  sugar  in  Diabetes,  is  very  far  from  a  matter 
of  recent  discovery.  The  effect  of  ^different  regimes,  in 
augmenting  or  diminishing  the  quantity  of  sugar  in  the 
urine,  has  been  long  since  decided  by  analytical  examination. 
Still,  it  occurred  to  me  that  it  would  not  be  a  work  alto- 
gether of  supererogation,  to  take  a  suitable  patient  in  hand, 
and  rigidly  submit  his  case  to  investigation  ;  by  examining, 
for  many  days  consecutively,  the  urine  belonging  to  sepa- 
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rate  periods  of  the  twenty-four  hours,  under  the  adminis- 
tration of  various  articles  of  food. 

North's  case  was,  therefore,  undertaken,  a  full  report  of 
which,  is  to  be  found  in  the  Appendix.  The  twenty-four 
hours  were  divided  into  six  periods,  consisting  of  four 
hours  each.  The  urine  belonging  to  each  period,  was 
separately  collected  and  examined,  and  this  proceeding 
was  continued,  from  the  commencement  of  February,  till 
towards  the  end  of  March ;  during  which  time,  many 
different  articles  of  diet  were  administered,  and  their  effect 
on  the  ehmination  of  sugar  determined.  I  do  not  wish  to 
over-estimate  the  value  of  labour  that  has  been  bestowed  by 
myself;  but,  I  beheve  the  report  of  this  case  will  be  found, 
on  perusal,  to  present  features  of  considerable  interest. 

All  the  analyses  that  are  given,  were  from  day  to  day 
made  by  myself,  and  the  patient  was  under  the  most  strict 
supervision.  Scrupulous  care  was  taken,  to  obtain  the 
utmost  precision  that  was  possible ;  and,  I  can  confidently 
advance  the  report,  as  a  truthful  record  throughout.  The 
Appendix  contains  the  several  results  obtained,  placed  in 
a  tabular  form ;  besides,  a  resume  of  the  daily  occurrences 
that  were  observed. 

The  results  supplied  by  this  case,  have  also  been  arranged, 
so  as  to  give  at  a  glance,  a  view  of  the  effect  produced 
by  different  articles  of  food  upon  the  patient,  as  regards 
the  elimination  of  sugar.  The  accompanying  plan,  which 
I  have  thought  it  desirable  to  introduce  here,  instead  of  in 
the  Appendix,  needs  but  little  explanation.  The  fluctuating 
line  represents  the  variation  in  the  sugar  passed,  the  daily 
amount  of  which,  in  grains,  can  be  read  off  from  the  scale 
on  either  side.  For  each  day,  the  nature  of  the  diet  is 
given,  so  that  the  comparative  effect  of  the  various  articles 
of  food  administered,  is  at  once  apparent,  on  referring  to 
the  position  of  the  line.    The  quantity  of  the  food,  where 
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this  is  not  stated,  can  be  learnt  on  referring  to  the  details 
contained  in  the  Appendix. 

The  rapidity  with  which  the  effect  of  food  manifests 
itself  upon  the  urine,  is  shown  upon  several  occasions  in 
North's  case.  February  10th,  when  a  purely  animal  diet 
had  been  adhered  to  for  a  few  days,  he  departed  from  his 
instructions ;  and,  with  his  tea  at  4  p.m.  partook  of  some 
prepared  cocoa  sweetened  with  sugar,  which  his  friends, 
during  the  afternoon,  had  brought  him  in.  During  the 
four  hours  between  1  and  5  p.m.,  the  sugar  voided  was  468 
grains.  During  the  succeeding  four  hours  the  quantity 
rose  to  1311  grains,  and  for  the  next  four  hours  descended 
again  to  483  grains.  March  12th,  having  again  been  for  a 
couple  of  days  previously,  on  a  purely  animal  diet,  he  was 
ordered  some  rice.  At  6  a.m.  he  ate  for  breakfast,  half  a 
rice  pudding  composed  of  4  oz.  of  rice  and  1  egg.  Prom 
1  to  5  a.m.,  the  quantity  of  sugar  passed  had  been  81 
grains;  whilst  from  5  to  9  a.m.  it  amounted  to  576  grains. 
On  the  following  day,  again,  he  was  allowed  for  breakfast 
at  6  a.m.  1  lb.  of  potatoes  without  anything  else.  From 
1  to  5  a.m.  the  sugar  eliminated  was  281  grains,  and  from 
5  to  9  a.m.  794  grains. 

The  above  examples  strikingly  exhibit,  how  rapidly,  sugar 
derived  from  the  food  consumed,  filters  through  the  system 
and  appears  in  the  urine.  Some  time  past,  Mr.  G.  N. 
Bacon  made,  in  accordance  with  my  suggestion,  some 
observations  on  the  immediate  effect  of  a  meal  upon  the 
amount  of  sugar  in  the  urine.  The  case  submitted  to  ob- 
servation, was  that  of  a  lad  seventeen  years  of  age,  whilst 
an  inmate  of  the  Norfolk  and  Norwich  Hospital,  under 
the  care  of  Dr.  Ranking.  The  following  are  the  results  that 
were  obtained : — 
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Observations  on  the  urine  secreted,  4  hours  before,  and  4 
hours  after,  breakfast ;  with  an  allowance  of  wheaten 
bread  ad  libitum,  milk,  tea  and  sugar. 

Quantity     Quantity    Proportion  of 
of  urine.     of  sugar.       sugar  to 
fluid-ounce, 
oz.  grains.  grains. 

Jan.  6th.   4  hours  before  breakfast    22      575  26* 
4  hours  after  breakfast      28    1344  48- 

„    7th.   4  hours  before  breakfast    18      432  24' 
4  hours  after  breakfast      21    1008  48* 

„  13th.   4  hours  before  breakfast    12      345  28-8 
4  hours  after  breakfast      23    1104  48* 

Observations  on  the  urine  secreted,  4  hours  before,  and  4 
hours  after,  breakfast;  consisting  of  gluten  bread,  milk 
and  tea.  (Here  the  difference  before  and  after  the  meal 
is  not  so  great  as  in  the  preceding  series,  on  account 
of  the  smaller  quantity  of  saccharine  and  farinaceous 
principles  ingested.) 

/                                                                                  Quantity  Quantity  Proportion  of 

of  urine.  of  sugar.  sugar  to 

\  fluid-ounce. 

oz.  grains.  grains. 

Dec.  30th.  4  hours  before  breakfast    26  439  16-92 

,        '          4  hours  after  breakfast      20  720  36- 

^'  Jan.  1st.     4  hours  before  breakfast    22    288  24* 
^"  4  hours  after  breakfast      20    822  4M0 

„  2nd.    4  hours  before  breakfast    16    384  24* 

4  hours  after  breakfast      24    986  41-10 


Observations  on  the  urine  secreted,  4  hours  before,  and  4 
hoars  after,  dinner ;  consisting  of  meat,  gluten  bread, 
watercress,  and  brandy  and  water.    (Here  it  must  be 
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taken  into  consideration  that  the  urine  before  the  meal 
was  under  the  influence  of  a  preceding  one). 

Quantity    Quantity    Proportion  of 
of  urine.     of  sugar.       sugar  to 
fluid-ounce. 

oz.      grains.  grains. 

Dec.  14th.   4  hours  before  dinner      20    639    31  98 
4  hours  after  dinner         24    864  36 

„    15th.   4  hours  before  dinner      16    576  86 
4  hours  after  dinner         26    936  36 

„    17th.   4  hours  before  dinner      20    822  41-10 
4  hours  after  dinner         24    767  81-98 


The  information  suppHed  by  Case  III  Appendix,  would 
tend  to  show  that,  not  only,  do  the  starch  and  sugar 
ingested,  traverse  the  system  unappropriated ;  but,  that  the 
presence  of  sugar  in  the  system,  acts  prejudicially  upon  the 
condition  belonging  to  the  complaint,  and  gives  rise  to  the 
elimination  of  more  sugar  than  could  be  derived  from  the 
materials  themselves  taken.  Thus,  after  restriction  to  an 
animal  regimen  had  been  observed,  and  sugar  had  for  some 
days  entirely  disappeared  from  the  urine,  two  ounces  of  ordi- 
nary bread  a  day,  for  a  couple  of  days,  wer^  allowed,  and  then 
the  animal  diet  again  resumed.  During  the  first  day,  the 
patients  urine  contained  117  grs.  of  sugar ;  the  second, 
196  grs.  i  the  third,  213  grs.;  the  fourth,  571  grs.;  the 
fifth,  236  grs. ;  the  sixth,  92  grs. ;  and  after  this,  the 
presence  of  sugar  was  lost.  Prom  the  four  ounces  of  bread 
taken,  evidence  of  the  elimination  of  1425  grs.  of  sugar 
with  the  urine,  was  thus  obtained ;  which,  is  more  than  what 
could  come  directly  from  the  bread  ingested.  I  find  that 
two  ounces  of  the  hospital  bread,  when  perfectly  dried  in  a 
water  oven,  left  a  residue  weighing  600  grs.  The  amount 
of  the  whole  of  the  soHd  matter  in  the  bread  consumed 
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was,  therefore,  only  1200  grs.,  against  the  1425  grs.  of 
sugar  detected  in  the  urine.  Another  point  worthy  of 
note,  is,  that  the  elimination  of  sugar  continued  increasing 
in  amount  for  two  days  after  the  bread  had  been  dis- 
continued ;  and,  that  it  was  not  until  after  the  sixth  day 
from  the  commencement,  that  the  urine  regained  its  pre- 
existing character. 

A  strict  exclusion  from  saccharine  and  farinaceous 
materials,  which  imphes  almost  a  total  abstinence  from  the 
ordinary  vegetable  food,  has  been  warmly  advocated  by 
many,  during  several  years  past,  in  the  management  of 
Diabetes.  Physiologically,  an  animal  regimen  contains  all 
that  is  necessary  for  maintaining  human  hfe  in  a  state  of 
health.  But,  there  can  be  little  doubt,  looking  to  the  teeth, 
the  articulation  of  the  lower  jaw,  and  the  general  inclina- 
tion of  man,  that  he  is  designed  by  nature  as  an  omnivorous 
feeder  ;  although,  his  capacity  for  adapting  himself  to  vari- 
ations in  external  circumstances,  is  well  known  to  be 
sufficiently  extensive,  to  enable  him  to  confine  himself  to 
either  an  animal  or  a  vegetable  regimen. 

Thus,  there  are  those,  even  amongst  Europeans,  who  from 
choice  restrict  themselves  to  vegetable  food,  and  we  do  not 
find  that  the  vegetarian  mode  of  living  leads  to  defective 
nutrition. 

There  are  those,  on  the  other  hand,  who  from  necessity 
subsist  on  animal  food  alone.  The  Arctic  Highlander  is 
obliged  to  restrict  himself  to  an  animal  diet,  because  he  can 
procure  no  other.  It  wisely  happens,  that  this  animal  food, 
abounding  in  fat  as  it  does,  is  the  best  suited  to  the  cir- 
cumstances under  which  these  northern  inhabitants  of  our 
globe  are  placed ;  but,  independently  of  this,  the  character 
of  their  climate,  altogether  precludes  the  growth  of  the 
vegetable  products,  which  enter  into  the  mixed  diet  of  other 
nations.    From  the  account  of  an  exploration  of  Baffin's 
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Bay  given  by  a  celebrated  northern  voyager,  we  are  told 
that  the  most  conspicuous  vegetable  productions  of  the 
Arctic  Highlands  consist  of  heath,  moss,  and  various  coarse 
grasses.  There  was  no  appearance  of  cultivation,  nor 
Avas  it  discovered  that  the  natives  made  use  of  vegetable 
food. 

Besides  those  who  practise  restriction  to  an  animal  diet 
through  necessity,  there  are  others  who  adopt  it  from  some 
other  cause.    Dr.  Carpenter  in  his  work  on  the  '  Principles 
of  Human  Physiology,'  4th  edition,  p.  379-80,  says, 
"There  are  particular  conditions  of  existence,  however, 
under  which  life  may  be  advantageously  supported  upon 
"  am7fial  food  alone.   Thus  the  Guachos  of  South  America, 
who  pass  the  whole  day  in  the  saddle,  and  lead  a  life  of 
"  constant  activity  resembling  that  of  a  carnivorous  animal, 
scarcely  ever  taste  anything  but  beef;  and  of  this  their 
consumption  is  by  no  means  great ;  for  the  temperature 
"  of  the  surrounding  atmosphere  is  so  high,  that  the  body 
"  has  no  occasion  to  generate  more  heat  than  is  supplied 
by  the  combustion  of  the  hydro-carbonaceous  portion  of 
"the  'waste'  of  the  tissues."  " 

There  can  be  no  reason,  therefore,  against  a  strictly 
animal  regimen  being  adequate  to  all  the  physiological  re- 
quirements of  the  Diabetic;  and,  I  believe,  if  persevered  in 
for  a  short  time,  it  would  come  to  be  taken  without  giving 
rise  to  any  feeUng  of  material  privation.  Indeed,  1  have 
been  told  by  patients,  whom  I  have  restricted  to  animal 
food ;  that,  after  a  little  while,  they  have  experienced  no 
desire  to  take  any  other.  At  first,  however,  the  incon- 
venience cannot  fail  to  be  considerable.  Independently 
of  the  natural  desire  that  exists  to  continue  with  what 
we  have  been  accustomed  to  all  our  lives ;  the  increased 
appetite  of  the  Diabetic,  has  led  him  into  the  habit  of 
consuming  a  large  bulk  of  food,  and,  when  an  abstinence 
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from  vegetable  materials  is  at  first  observed,  he  finds  it 
difficult  to  satiate  his  liuiigcr.  Mis  stomach  has  been 
accustomed  to  be  largely  filled,  and  he  feels  now  that  he 
wants  a  greater  bulk  of  material  than  what  he  can  conve- 
niently get  with  animal  food. 

In  commencing  an  animal  regimen,  it  is  desirable  there- 
fore, to  allow  a  much  larger  quantity  than  will  be  afterwards 
required.  In  a  very  short  time,  as  the  drain  from  the  sys- 
tem diminishes,  the  appetite  will  present  but  little  above 
an  ordinary  character.  Nothing  so  thoroughly  relieves  the 
inordinate  appetite  and  thirst,  which  form  usually  such 
symptoms  of  discomfort  in  Diabe'es,  as  diminishing  the 
elimination  of  sugar  by  restriction  from  saccharine  and 
amylaceous  articles  of  food.  The  administration  of  opium 
in  one-grain  doses,  two  or  three  times  a  day,  will  be  found 
to  conduce  towards  alleviating  the  sense  of  emjjtiness  at 
the  stomach  when  the  animal  diet  is  first  prescribed. 

It  may  be  as  well  to  remai^k,  for  those  who  look  to 
the  sp.  gr.  of  the  mine  as  affording  an  indication  of  the 
progress  of  the  case,  that  allowance  must  be  made  for  the 
density  being  naturally  high  under  an  animal  i-egimen. 
It  is  a  well-known  fact,  that  the  ingestion  of  a  large  quan- 
tity of  animal  food  notably  increases  the  amount  of  solids 
eliminated  with  the  urine.  The  sp.  gr.,  therefore,  may 
remain  comparatively  high,  notwithstanding  there  has  been 
a  material  reduction  in  the  sugar. 

Although  it  must  be  always  admitted,  that  so  close  a 
restriction  in  diet,  cannot  be  likely  to  do  otherwise  than 
prove  more  or  less  irksome,  particidarly  at  times ;  yet,  I 
should  imagine  the  distress  belonging  to  the  inveterate  and 
uncontrolled  form  of  the  complaint  was  incomparably  worse 
to  endure.  But,  attention  has  been  directed  towards  pro- 
viding for  the  Diabetic  some  substitute  I'or  ordinary  bread, 
which  he  may  take,  without  prejudice  to  his  disease,  with 
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his  animal  food.  There  are  three  materials,  which,  in  this 
light,  I  have  to  notice  here.  Two  of  them  have  long  been 
known,  and  are  derived  from  different  portions  of  the  wheat 
gram ;  the  other,  has  been  recently  introduced  by  myself, 
and  IS  derived  from  quite  a  different  kind  of  vegetable  pro- 
duction. 

In  the  '  Comptes  Rendus  de  I'Academie  des  Sciences,' 
^ov.,  1841,  p.  942,  there  is  a  communication  by  Bouchar- 
dat  eiititled.'Nouvelles  recherches  sur  le  diabete  sucre  ou  glu- 
cosune,'  in  which  he  suggested  the  administration  of  gluten 
bread,  and  gave  cases  to  show  the  advantage  of  its  employ, 
nient.    I  need  not  say  that  the  gluten  bread  is  now  exten- 
sively known  and  consumed.     As  supplied  by  Mr  Van 
Abbot,*  from  importation  from  France,  it  is  a  most  liaht 
and  elegant  looking  article.    I  have  often  given  it  a  trial 
and  can  bear  testimony  to  the  great  superiority  it  enjoys 
bltTcs      "'^  ''i-ead.  hi  its  effect  upon  the  urine  of  Dia- 

Gluten  bread  is  not  without  its  objections,  however  Al 
though,  some  patients  eat  it  very  well ;  yet,  others  complain, 
that  when  they  get  it  into  the  mouth,  it  seems  as  if  they 
were  chewing  india-rubber.    But,  it  is  not  likely  that  any 
article,  as  a  substitute  for  what  we  have  been  so  lon^ 
accustomed  to,  will  give  satisfaction  to  all.  Anothef 
objection  IS  the  presence  of  starch  which  has  been  imper- 
fectly washed  away  in  the  process  of  preparation.    I  do 
not  know  whether  or  not  the  gluten  bread  is  so  carefully 
prepared  as  ,t  wa^  some  years  ago;  but  what  I  have  tested 
recen  ly  has  been  charge.l  to  so  free  an  extent  with  s  a  di 
s  to  have  becon,e  ahnost  black  upon  being  treated  wi  h  a 
s«Iut,o„  of  lodine.    In  North's  case,  as  seen  by  the  p  an 
the  gluten  bread  does  not  stand  in  so  favorable  a  posLn"' 
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as  regards  effect  upon  the  urme,  as  the  bran  biscuit.  Glu- 
ten bread  was  given  upon  two  occasions,  on  purpose  to 
corroborate  the  first  comparison. 

For  the  manufacture  of  gluten  bread,  it  is  from  the 
interior  of  the  grain  that  the  product  is  obtained.  The 
exterior,  or  bran,  has  likewise  been  prepared  and  recom- 
mended as  a  suitable  food  for  the  Diabetic.    Dr.  Prout- 
says,  "  Por  some  time  past,  I  have  recommended  as  a  sub- 
"  stitute  for  bread  in  Diabetes,  a  compound  of  bran,  eggs, 
"  and  milk,  which  if  properly  prepared  is  not  unpalatable." 
Tie  further  states,  that  a  patient  to  whom  this  bran-bread 
was  recommended,  took  much  pains  to  perfect  the  process, 
and  then  describes  what  had  been  found  to  be  the  best  plan 
to  be  adopted.    Dr.  Camphn,  from  personal  experience, 
speaks  very  strongly  in  favour  of  the  bran  food  as  a  sub- 
stitute for  ordinary  bread,  and  through  him  a  great  im- 
provement has  been  made  in  its  manufacture.    Dr.  Prout 
directed  that  the  bran  should  be  washed,  to  remove  ad- 
herent starch;  but  his  product  must  have  been  lett  ui 
a  very  coarse  state.    Dr.  Cau.plin  has  specially  turned  his 
attention  to  the  reduction  of  the  bran  to  a  finely  divided 
state,  so  that  it  may  be  more  readily  acted  on  dunng  di- 
o-estion     He  has  found  that  after  being  well  washed  and 
dried,  being  thereby  rendered  friable,  it  can  be  gi^ound  to 
a  powder  (in  a  mill  specially  contrived  and  sold  for  the 
purpose)  of  a  degree  of  fineness  that  could  not  have  been 

reached  before.  .  i    i    i  «j 

At  the  best,  however,  the  brau  food  cannot  be  looked 
upon  as  otherwise  than  a  dry  and  unrehshab  e  artiole  for 
consumption.  Biscuits  are  sold  by  Mr.  Sm>th  of  Gower 
St^r North;  and  Mr.  Blatchley.  of  303.  Oxford  Street. 
The  latter,  also,  sells  the  powder,  preparmg  rt  aecord.ng  o 
Dr.  Camplin.  for  those  at  a  distance,  who  have  no  m,ll  oi 

»  .  0,1  stomach  and  Renal  Diseases.'   Fiftl,  edition,  p.  14. 
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wish  to  avoid  the  trouble.  Smith's  biscuits  are  those  that 
liave  been  used  at  Guy's  Hospital. 

The  hardness  of  the  bran  biscuit  not  unfrequently  ren- 
ders it  impossible  for  patients  to  take  it.  It  is  quite  a 
common  grievance  with  Diabetics  to  have  loose  and  very 
unsound  teeth,  or  scarcely  any  teeth  at  all.  And,  I  have 
upon  several  occasions  fallen  upon  cases,  where  the  biscuit 
could  not  be  consumed  from  this  cause.  Mr.  Blatchley, 
however,  has  met  this  emergency  by  preparing  a  softer 
kind  of  biscuit,  which  he  calls  in  contradistinction  bran  cake. 

After  the  process  to  which  the  bran  has  been  submitted 
before  grinding  to  a  powder,  it  may  be  reasonably  doubted 
if  much,  or,  indeed,  scarcely  anything  remains  of  a  nutritive 
value.   All  acknowledge  that  the  coveiing  of  the  wheat  con- 
tains a  larger  proportion  of  tissue-forming  material  than  the 
central  farinaceous  part.    And,  as  we  choose  to  have  white- 
ness as  a  prominent  quality  of  bread,  we  therefore  reject, 
as  far  as  our  own  consumption  is  concerned,  the  most 
nutritive  part  of  the  grain.    But,  it  is  the  inner  part  of  the 
integument,  that  is  thus  rich  in  nitrogenized  principle ; 
and,  being  more  brittle  or  mealy  than  quite  the  outside 
husk,  it  will  be  more  finely  reduced  when  the  corn  is 
ground,  and  thus  afterwards,  in  great  part,  go  with  the 
pollard  in  the  process  of  dressing.    The  very  outside  co- 
vering, being  of  a  coriaceous  description,  separates  in  scales, 
and  forms  the  chief  bulk  of  bran.    Consisting,  as  it  does, 
of  a  form  of  lignin,  it  is  unsusceptible  of  digestion  in  the 
human  alimentary  tract ;  and,  therefore,  useless  as  far  as 
the  nutritive  and  calorifacient  processes  of  life  are  concerned. 
It  will  certainly  play  the  part  of  assisting  to  give  bulk  to 
what  is  consumed,  and  so  enable  the  person  to  satisfy  his 
hunger  by  filling  the  stomach;  but,  there  are  some  patients 
with  whom  the  presence  of  an  indigestible  material  like 
bran,  in  the  ahmentary  tract,  creates  such  irritation  that  it 
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cannot  be  borne.  It  is  not  very  uncommon  for  Diabetics 
to  complain  that  they  are  unable  continue  the  bran  biscuit, 
on  account  of  the  diarrhoea  that  has  supervened.  On  the 
other  hand,  however,  it  often  happens,  that  the  ingestion 
of  a  material  possessing  slightly  irritating  properties  is  de- 
sirable, in  order  to  stimulate  the  muscular  and  mucous 
coats  of  the  intestine  and  overcome  the  constipation  that  is 
frequently  incident  to  the  complaint. 

Seeing  the  objections  that  existed  to  the  present  substi- 
tutes for  ordinary  bread,  at  .the  command  of  the  Diabetic, 
I  began  to  look  around  at  the  various  vegetable  products 
with  which  we  are  supplied,  to  endeavour  to  lind  out  if 
something  more  suitable  could  not  be  provided.  Attention 
had  been  hitherto  confined  to  the  separation  of  the  objec- 
tionable principle — starch ;  from  the  other  constituents  of 
the  grain  (gluten  on  the  one  hand  and  hgnin  on  the  other) 
in  use  amongst  us  for  the  manufacture  of  our  ordinary 
bread.  That  this  separation,  however,  must  be  carried  out 
but  imperfectly  in  practice  is  prominently  shown  by  the 
plan  belonging  to  North's  case,  introduced  opposite  p.  140. 
And,  harmonising  wdth  these  results  obtained  upon  North, 
Abbot's  gluten  bread,  is,  as  I  have  previously  mentioned, 
found  upon  testing,  to  give  a  free  indication  of  the  presence 
of  starch.  So,  also.  Smith's  and  Blatchley's  bran  biscuit ; 
and,  Blatchley's  bran  cake,  bran  powder,  and  gluten  biscuit, 
each  produce  a  deep-blue  coloration  with  iodine  indicative 
of  starch. 

It  occurred  to  me,  to  discard  from  consideralion,  the 
cereal  grains  and  look  to  the  seeds  that  are  easily  to  be 
procured  at  a  moderate  expense ;  where,  instead  of  starch, 
oil  exists.  Of  course,  freedom  from  any  strong  taste 
and  an  absence  of  any  deleterious  principle  formed 
absolutely  essential  conditions  to  be  attended  to.  Suffice 
it  to  say,  after  looking  around;  I  alighted  upon  the  sweet 
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almoncl,  as  the  most  promising  for  my  purpose.  The  hemp 
seed  in  constitution  much  resembles  the  ahnond,  and  would 
probably  produce  a  less  expensive  material,  but  there  are 
difficulties  in  the  way,  in  getting  the  kernel  free  from  its 
coverings,  that  rendered  it,  I  thought,  desirable  to  try  first 
what  could  be  done  with  the  almond. 

In  the  first  place,  I  ascertained  that  the  almond  could 
be  procured  in  quantity  at  a  moderate  price.  The  Barbary 
and  Sicihan,  which  are  the  almonds  used  by  confectioners, 
are  sold,  deprived  of  shell,  at  sevenpence  to  eiglitpence  per 
pound.  I  also  inferred,  from  the  fact  that  animals  are  fat- 
tened with  the  cake  left  as  a  residue  after  the  extraction  of 
tjie  oil,  that  the  almond  miglit  be  fairly  expected  to  contain 
nothing  to  prevent  its  prolonged  use,,  or  its  being  resorted 
to  as  a  staple  article  ot  food.  Common  observation  sup- 
pHes  evidence  that  the  occasional  use  of  this  seed  by  our- 
selves does  not  give  rise  to  any  prejudicial  consequences. 

The  following  is  the  composition  of  the  sweet  almond, 
that  I  find  given  in  Dr.  Pereira  s  work  on  '  Food  and 
Diet 

Boullays  Analysis  of  Sweet  Almonds. 

Fixed  oil  54  0 

Emulsin  .       .       .       .    24  0 

Liquid  sugar        .       .       .       .6  0 

Gum  3-0 

Seed  coats  5-0 

Woody  fibre  4-0 

Water  .       .       .       .       .  .3-5 

Acetic  acid  and  loss      .       .       .0  5 

Sweet  almonds      .       .  IQO'O 
Dr.  Pereira  says,*  "  Sweet  almonds  are  nutritive  and 

♦  'A  Treatise  on  Food  and  Diet.  By  Jonathan  Pereira,  M.D.'  1843,  p.  340. 
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"  emollient ;  but,  on  account  of  their  fixed  oil,  difficult  of 
"  digestion,  at  least  Avhen  taken  in  large  quantities,  or  by 
"  persons  whose  digestive  powers  are  weak."  Witli  this 
expression,  the  opinion  of  most  will  fully  coincide;  and,  it 
equally  applies  to  the  hazel-nut  and  filbert,  walnut,  brazil- 
nut,  cocoa-nut,  in  fact  to  all  the  oily  seeds.  I  quite  agree 
that  these  productions,  in  their  ordinary  state,  should  be 
ranked  amongst  articles  of  difficult  digestibihty  ;  but  the 
cause  is  easily  explained,  and  the  difficulty,  likewise,  as 
easily  overcome. 

For  the  digestion  of  a  substance  to  be  accomplished,  it  is 
necessary  that  the  secretions  of  the  stomach  should  be 
capable  of  penetrating  and  coming  in  contact  with  its 
particles.  Taking  a  given  article,  the  facility  or  rapidity 
with  which  it  can  be  digested,  will  depend  upon  the  free- 
dom with  which  it  can  be  intimately  incorporated  with  the 
gastric  juice.  Hence,  the  assistance  to  digestion  afforded 
by  the  prehminary  process  of  mastication.  Now,  with  one 
of  the  oily  seeds,  it  is  not  likely  that  mastication  can  be  so 
perfect  as  to  reduce  the  whole  to  a  uniform  pulp  or  paste — 
such  as  would  be  easily  penetrated  throughout  by  the  diges- 
tive fluid.  Small  uncrushed  pieces  are  swallowed ;  and 
these,  being  dense  and  oily,  resist  penetration  by  the  solvent 
medium  ;  which,  therefore,  is  placed  at  a  great  mechanical 
disadvantage  for  exercising  its  properties. 

I  was  struck  some  time  ago,  whilst  conducting  some  ex- 
periments on  artificial  digestion,  to  find  the  white  of  the 
hard-boiled  egg  more  readily  acted  upon  than  the  yolk. 
The  presence  of  oily  matter  in  the  yolk,  as  in  the  case  of 
the  oily  seed,  by  offering  obstruction  to  the  penetration  of 
the  solvent  fluid,  will  interfere  with  the  accomplishment  of 
the  digestive  process. 

From  these  considerations,  the  obvious  means  of  removing 
any  objection  to  the  use  of  almonds  as  a  daily  article  of  food. 
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on  the  score  of  indigestibility,  will  he,  to  luive  tliem  tho- 
roughly ground  as  a  preliminary  process,  to  being  presented 
in  a  form  for  consumption.  AVhen  this  has  been  accom- 
plished, I  am  strongly  of  opinion,  that  no  inconvenience  is 
likely  to  be  experienced  from  the  want  of  facility  of  under- 
going the  accustomed  disposal  effected  by  the  stomach. 

The  oily  character  of  the  almond  is  a  desirable  quality 
for  it  to  possess,  as  an  article  of  extensive  consumption  in 
Diabetes.  The  Diabetic  fails  to  be  able  to  make  use  of  one 
form  of  the  respiratory  or  calorifacient  element  of  food,  but 
with  the  other — the  oleaginous— there  exists  no  difficult}'. 
Theoretically,  then,  the  Diabetic  ought  to  be  supplied  pretty 
freely  with  fat ;  and,  practically,  it  is  found  that  such  a  supply 
is  highly  beneficial.  Dr.  Prout,  in  a  note,  from  which  I 
will  give  an  extract,  at  p.  40  of  his  work  on  '  Stomach  and 
Renal  Diseases,'  5th  ed.,  says,  "  We  may  observe  here,  that 
''oleaginous  matters  often  agree  so  remarkably  well  in 
"  Diabetes,  that  some  have  gone  so  far  as  to  propose  them 
"  as  remedies.  When  freely  taken,  they  usually  cause  a 
"flow  of  saliva,  and  thus  diminish  the  urgent  thirst.  When 
"  they  agree,  also,  they  give  a  sensation  of  satisfaction  and 
"support  to  the  stomach,  which  other  ahmentary  sub- 
"  stances  do  not."  It  may  be  inferred  that  this  last  ex- 
pression has  come  directly  from  the  lips  of  a  Diabetic,  as  it 
so  exactly  accords  in  force  with  a  statement  made  by  North 
(Case  I,  Appendix)  after  he  had  been  for  three  days  par- 
taking pretty  largely  of  suet.  His  expression  was,  that 
he  liked  the  suet,  and  that  it  filled  up  the  void  which 
seemed  to  exist  at  the  pit  of  the  stomach,  more  than  any- 
thing else  he  had  yet  taken.  It  was  evident  that  the 
impression  thus  referred  to,  resulting  from  the  ingestion  of 
fat,  must  be  very  marked  and  decided ;  for  it  to  have  dic- 
tated, through  these  different  channels,  words  so  expressive 
of  identically  the  same  meaning. 
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Chemically  ^pc^aldng,  then,  if  would  seem  that  the  almond, 
with  its  54  per  cent,  of  oil  in  the  i)laceof  the  starch  of  the 
cerealia,  is  admirably  adapted  to  supply  to  the  Diabetic  a  sub- 
stitute for  the  bread  of  ordinary  use,  which  is,  from  the  nature 
of  his  complaint,  prejudicial  for  him  to  consume,  From 
the  large  proportion  of  the  nitrogenous  element  which 
the  almond  also  contains — viz.,  24  per  cent.,  it  forms 
in  addition,  a  material  richly  endowed  with  nutritive  proper- 
ties. It  is  not  quite  free  from  objectionable  constituents ; 
containing,  according  to  the  analysis  given,  6  per  cent,  of 
sugar  and  3  per  cent,  of  gum.  The  sugar  exists  in  the  form 
of  cane  sugar,  and  to  become  recognisable  to  the  indication 
of  our  copper  test,  must  be  converted,  before  testing,  into 
grape-sugar ;  which  is  easily  effected  by  boiling  for  a  short 
time  with  a  f()w  drops  of  dilute  sidphuric  acid.  There  is 
not  a  trace  of  starch  discoverably  present. 

The  sugar  and  gum  are  easily  separated,  thereby,  leaving 
a  material  as  unexceptionable  as  animal  food.  In  effecting 
this  separation,  it  is  of  course  desirable  that  nothing  else 
should  be  removed,  as  such  would  constitute  a  loss.  The 
nitrogenous  matter  spoken  of  as  emulsin,  enables  water  to 
take  up  more  or  less  of  the  oleaginous  principle,  thus  form- 
ing an  emulsion,  or  in  fact  an  almond  milk.  The  nitrogenous 
matter  of  the  almond  holds  a  position  identically  analogous 
in  this  respect,  to  the  caseine  of  animal  milk.  Now,  the 
object  clearly  before  me,  in  getting  rid  of  the  sugar  and 
gum,  through  the  agency  of  water,  Avas  to  avoid  the  pro- 
duction of  an  emulsion.  And,  I  soon  found  that  the  reten- 
tion of  tlie  oily  matter  was  to  be  thoroughly  effected,  by 
keeping  back  or  rendering  insoluble  the  nitrogenous  matter. 
Without  the  presence  of  this  latter  in  solution,  the  oily 
matter  cannot  be  taken  up,  or  an  emulsion  be  formed,  from 
the  almond.  On  boiling  the  ordinary  emulsion,  a  consider- 
able coagulum  is  formed;  but  still,  the  liquid  remains 
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iiiilky,  althougli  in  a  much  less  degree  than  before.  On  the 
subsequent  addition  of  a  small  quantity  of  acid,  another 
coagulum  is  formed,  and  now,  the  liquid  is  rendei  ed  clear. 
In  fact,  the  almond  contains,  both  albumen  and  caseine, 
and  to  coagulate  or  render  the  two  insoluble,  an  acidulated 
boiling  liquid  must  be  used.  The  process  I  have  found 
to  answer  the  best,  and  liave  recommended  to  be  adopted, 
is  to  pour  boiling  water,  slightly  acidified  with  the  tartaric 
acid,  over  the  almond  powder.  This  washing  effectually 
carries  away  the  sugar;  and  the  liquid  that  comes  away 
is  nearly  as  transparent  as  water,  and  devoid  of  the  prin- 
ciples that  it  is  desired  should  remain. 

Thus  far,  I  have  spoken  of  the  almond  in  reference  to  its 
theoretical  adaptability  as  a  food  for  Diabetics.  1  come 
now  to  the  practical  side  of  the  question.  Finding  that 
with  eggs  a  solid  form  of  biscuit  could  he  procured,  I  sought 
the  assistance  of  Mr.  W.  Hill,  of  60  and  Cl,  Bishopsgate 
Street,  E.G.,  London,  an  expert  confectioner.  To  Mr. 
Hill,  jun.  my  thanks  are  due  for  having  entered  so  fully  as 
he  has  done  into  the  spirit  of  the  undertaking.  Several 
difficulties  had  to  be  overcome.  And,  many  trials  of  difierent 
plans  were  effected,  the  object  held  in  view  being  to  pro- 
duce  a  material  as  closely  resembling  our  ordinary  wheaten 
food  as  possible.  The  only  substances  taken  for  use,  are, 
blanched  almond  powder,  which  has  been  washed,  and  eggs 
so  that,  the  product  is  free  from  any  objectionable  principle! 

It  is  not  for  me  to  speak  in  praise  of  this  almond  food, 
myself;  but,  thus  much  I  may  say,  that  Mr.  Hill  has  suc- 
ceeded in  producing  a  rusk  and  different  forms  of  biscuit 
which  give  me  good  cause  to  hope  that  the  Diabetic  may 
find  m  this  apphcation  of  the  almond  a  not  unimportant  nor 
unpalatable  accession  to  the  limited  Hst  of  articles  he  is  per- 
mitted to  consume,  without  producing  an  aggravation  of  his 
complamt.    And,  there  is  this  in  the  almond  food,  that  the 
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patient  is  supplied  in  his  substitute  for  bread,  with  th  it 
which  he  can  appropriate,  and  which  his  system  is  exactly 
in  need  of.  It  must  not,  of  course,  be  expected  that  an 
article  equally  as  relisliable  as  bread  can  be  produced. 
Growing  up,  as  we  do,  from  almost  our  earliest  period  of 
life,  upon  wheaten  food,  it  is  not  likely  that  its  place,  cer- 
tainly at  first  or  until  a  second  habit  has  been  engendered, 
can  be  supplied  with  anything  that  will  prove  so  agreeable 
for  a  continuance. 

The  almond  rask  and  biscuits  manufactured  by  Mr. 
Hill  come  within  the  range  of  price  of  the  other  substitutes 
for  bread  in  use,  and,  being  dry,  they  will  keep  for  a  length 
of  time;  and  so,  may  be  sent  to  any  distant  part.  A  loaf 
has  been  produced  which  is  sufficiently  light  and  not  bad 
eating,  beyond  a  retention  of  moistness  which  we  have  not 
yet  succeeded  in  overcoming.  There  happens  to  be  nothing 
in  the  materials  used,  of  an  absorbent  or  hygrometric 
character  Hke  starch.  Possibly,  however,  some  other  sub- 
stance in  the  course  of  time  may  be  found  to  add,  which 
will  supply  the  desideratum  without  in  itself  proving  ob- 
jectionable. Indeed,  the  application  of  the  almond  to  the 
present  purpose  has  been  put  in  force  so  short  a  time,  that 
there  is  little  doubt  considerable  improvement  may  yet  be 
made. 

I  do  not  come  forward  to  advocate  the  use  of  this  food, 
without  having  had  practical  hospital  experience,  such,  as 
the  limited  time  it  has  been  at  my  command  has  permitted, 
of  its  effects  in  the  disease.  I  gave  it  in  two  cases  and 
found  no  increase  in  the  quantity  and  sp.  gr.  of  the  urine, 
over  that  which  occurred  under  a  strictly  animal  regimen. 
But,  I  have  also  given  it  in  two  other  cases,  where  a  daily 
analytical  examination  of  the  urine  was  made.  These  I 
will  introduce  and  leave  to  speak  for  themselves. 
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David  J.—,  a)t.  48.  Diabetes  of  several  montlis'  dura- 
tion,  uiiatteiided  with  any  other  complaint. 


Date. 


Jan.  15 
16 


» 

» 

>i 
)) 


17 
18 
19 

20 
21 
22 
23 
24 
23 
26 
27 
28 


Quiintity  of 
mine. 

oz. 

116 
156 
120 

49 

96 

9t 
121. 
10-i 
104 
120 

96 

79 


Sp.  gr. 

1043 
10'1.2 
1042 
1041 
1043 

10  J  3 
1022 
1030 
1020 
1023 
1022 
1022 
1021 
1030 


Urine  not  examined 


Proportion  of 
sugar  (o  lluid- 
ounce. 

38-70 
38  70 
42  85 
37-50 
37-50 

30- 

14-67 

16-35 

9  45 
10-89 
10-89 

9-72 

9- 
13-32 


29 

93 

1033 

18-45 

» 

30 

86 

1035 

20-55 

31 

f)6 

1038 

19-98 

Feb. 

1 

81 

1036 

19-98 

jj 

2 

78 

1035 

15  63 

}] 

3 

73 

1034 

18-45 

n 

4 

72 

1033 

17-13 

>t 

5 

56 

1031 

12- 

Qiinntity  of 
sugar  per  24 
'hours. 

5572 

5592 
62o6 
5850 
4500 


1470-^ 
1408 
1536 
1  J7l 
1132 
1132 
1166 
864 
1052 


Diet. 


Full  mixed  diet. 


Animal  diet,  with 
greens. 


1715 
1767 


] 


Animal  diet  with 
8  oz.  of  gluten 
bread. 


/-Animal  diet,  willi 

j    bread  and  4  i)Z.  of 
almond  biscuit. 

/^Animal  diet,  willi 

1618  }  ^  ^biten 
j  bread  and  2  oz.ot' 
L  al.Tiond  biscuit. 


Q^^g")  Animal  diet,  with 

1233  y 
072  J 


8  oz.  of 
biscuit. 


almond 


Animal  diet,  dn- 
rin<r  1  he  fii  bt  \wo 
d;iys,  then  ani- 
mal diet  with 
gluten  bread. 


5> 

12 

108 

1033 

19-44 

2099 

» 

13 

104 

1033 

17-55 

1825 

» 

14 

109 

1032 

15  63 

1703 

It 

15 

78 

1033 

16-74 

1305 

)> 

16 

88 

1033 

15  63 

1375 

17 

83 

1027 

10-74 

784 

» 

18 

80 

1031 

14-40 

1152 

19 

19 

74 

1032 

15- 

1110 

Animal  diet,  with 
8  oz.  of  gluten 
bread. 


Animal  diet,  with 
8  oz.  of  almond 
bibcuit. 
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Wm.  N—  aet.  44.  Diabetes  of  three  months'  standing. 
No  comphcation. 


Dixie. 

Quantity  of 
miue. 

Sp.  gr. 

Proportion  of 
sugar  lo  lluid- 
ounct. 

Quantity  of 

sugiir  per  24      .  Diet, 
hours. 

April  11 
„  12 
„  13 
„  14 
„  15 

„  16 
M  17 

oz. 

ISO 
190 
180 
KiO 
220 
230 
190 

1040 
1036 
1036 
1041 
1035 
1038 
1037 

grains. 
40- 
40- 
37-50 
40- 
38  70 
41  35 
40- 

grains. 

7200^ 

7600 

6750 

6400     Full  mixed  diet. 

9510 
7600  J 

»  18 
„  19 
»  20 

60 
80 
70 

1042 
1017 
1019 

38-70 
8-20 
9- 

232-^  ^  Animal  diet,  with 
(555  C    8'"eeiis   and  8 
gjjQ  t    oz.  of  almoud 
bread. 

»  21 
„  22 

70 
95 

1030 
1029 

18  45 
21-81 

*1291  ■)  Animal  diet,  with 
*mi  j  greens. 

In  carrying  out  the  principle  of  avoiding  the  ingestion  of 
starch  and  sugar  in  Diabetes ;  it  happens,  on  account  of 
the  extensive  diffusion  of  these  materials  through  the  vege- 
table kingdom,  that,  not  only  must  bread  and  other  kinds 
of  corn  food,  whether  derived  from  bariey,  oats,  rye,  maize 
or  rice,  be  prohibited ;  but,  likewise,  with  very  slight  ex- 
ception, all  the  vegetable  alimentary  substances  in  common 
use,  as  will  be  seen  from  the  following  examination : 

The  leguminous  seeds,  including  peas,  garden  or  broad 
beans  and  the  French  bean  or  haricot,  like  the  cereaUa, 
contain  a  large  per-centage  of  starch. 

Macaroni,  vermicelli,  Italian  paste  and  semolina  are 
prepared  from  wheat,  and,  as  may  be  shown  by  the 
tincture  of  iodine,  abonnd  in  starch. 

The  farinaceous  foods  such  as  sago,  tapioca  and  arrow- 
root must  of  course  be  avoided. 

*  There  happened  to  be  no  more  almond  bread  to  continue  with,  so  the 
patient  was  ordt-red  an  animal  diet  witli  greens  only;  but  it  is  probai)ie  he  did 
not  confine  hi mselF  htrictly  to  what  was  allowed.  He  was  seen  toasting  some 
bread  one  oi'  the  two  days  referred  to. 
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In  tlie  potato,  the  starch  varies,  according  to  the  analyses 
referred  to  in  Dr.  Pereira's  work  on  *  Foud  and  Diet/  from 
9*1  to  24 "4  per  cent. 

Carrots,  parsnips,  beetroot,  turnips  and  radishes  contain 
sugar. 

As  regards  the  other  kind  of  vegetables,  it  may  be  said, 
that  anything  white  contains  sugar;  so  that  cauliflower, 
brocoli,  cabbage,  seakale,  celery,  and  asparagus  prove  objec- 
tionable. When,  however,  through  the  influence  of  the  sun's 
rays  upon  the  growing  vegetation,  green  coh Airing  matter  has 
become  developed,  the  saccharine  matter  will  be  found,  at 
the  same  time,  to  have  disappeared,  'i'hus,  the  green  tops 
of  asparagus  are  devoid  of  sugar  whilst  the  white  part 
below  is  freely  charged  with  it.  Such  is,  also,  what  may 
be  noticed  with  the  green  leaf  and  the  white  stalk  of  the 
celery  plant.  Indeed,  anything  in  the  way  of  leaf  and 
leaf  stalk  that  has  been  allowed  to  become  gi  een  by  ex- 
posure to  light  may  be  considered  unobjectionable  in  Dia- 
betes ;  which  will  therefore  permit  of  such  articles  as  greens 
and  spinach  being  freely  consumed  as  vegetables. 

Amongst  salads,  the  patient  may  be  guided  by  the  re- 
mark that  has  just  been  made.  \\'ater-cress  are  quite  free 
from  sugar ;  and,  therefore,  being  so  readily  procurable  all 
the  year  round,  form  an  important  article  of  consideration  as 
a  relish  for  the  Diabetic.  Lettuce  that  has  been  allowed  to 
become  green  may  be  taken,  but  that  which  is  without 
colour  should  be  rejected.  Radishes  and  celery,  although 
they  contain  sugar,  yet  they  do  not  contain  it  in  such 
quantity,  as  altogether  to  prohibit  their  use  sparingly  and 
occasionally.    They  are  free  from  starch. 

All  fruits,  on  account  of  their  saccharine  properties, 
must  be  scrupulously  avoided.  For  dessert,  therefore,  the 
Diabetic  has  to  fare  very  badly.  The  oily  seeds,  such  as 
the  hazel-nut,  filbert,  walnut,  brazil-nut,  sapucaia-nut  and 
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almoiul  iiriglit  be  partaken  moderately  of;  but,  it  must 
be  remembered,  tliey  are  not  entirely  devoid  of  sugar, 
although  there  is  a  total  absence  of  starch. 

■  As  a  part  of  the  dietetic  treatment,  attention  nmst  be 
given  to  what  is  drunk  as  well  to  what  is  eaten.  Milk  is  a 
fluid  which  is  often  recommended  to  be  consumed  in 
quantity,  on  account  of  its  belonging  to  an  animal  regimen. 
It  should  be  taken  into  consideration,  however,  that  amongst 
the  constituents  of  milk  there  is  a  saccharine  principle— 
lactin,  which  is  present  in  cows'  milk,  according  to  various 
analyses,  to  the  extent  of  3  or  4  to  6  per  cent.  It 
would  be  an  unintelligible  exception  if  the  presence  of 
lactin  did  not  render  milk  a  prejudicial  article  for  con- 
sumption in  Diabetes.  But,  that  it  does  produce  a  preju- 
dicial effect  upon  the  urine,  may  be  seen  on  reference  to 
North's  case.  During  the  five  days,  February  16th — 20th, 
that  this  patient  was  taking  milk — three  pints  a  day — the 
elimination  of  sugar  steadily  increased  from  1198  to  2225 
grains  for  the  twenty-four  hours  ;  and,  on  the  following 
day,  fell  to  927  grains,  the  milk  having  been  taken  off  and 
two  pints  of  beef  tea  substituted. 

The  least  saccharine  wines,  and  brandy,  constitute  the 
most  suitable  beverages,  belonging  to  the  fermented  clnss, 
to  be  given  in  Diabetes.  But,  looking  to  the  great  variation 
that  is  known  to  exist  in  the  amount  of  sugar  contained  in 
different  wines,  and  different  specimens  of  the  same  kind 
of  wine ;  which  cannot  be  always  correctly  judged  of  by  the 
taste:  at  my  request,  Mr.  Kendray,  of  19,  Great  Queen 
Street,  Lincoln's-Inn- Fields,  supplied  me  Avith  a  number 
of  samples  for  analysis,  the  particulars  of  which,  I  may 
mention,  I  have  furnished  him  with,  for  the  sake  of  those 
to  whom  such  information  might  prove  useful.  Sherries  are 
infinitely  ])reterable  to  port  on  account  of  their  nmch 
greater  freedom  from  sugar.     One  of  Mr.  Kendray 's 
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samples  of  sherry— a  vino  de  Pasto— I  found  entirely  free 
from  sugar;  another,  an  ordinary  sherry  contained  only 
traces ;  whilst  the  others  possessed  saccharine  properties  in 
varying  degrees  of  extent.  A  specimen  of  old  port  contained 
rather  over  17  grains  of  sugar  to  the  fluid  ounce.  The  port 
wine  now  in  consumption  at  Guy's  Hospital  contains  37 J 
grains  of  sugar  to  the  ounce,  and  the  sherry  16  grains. 
Of  three  clarets,  of  different  qualities,  that  were  sent  to  me, 
neither  contained  more  than  traces  of  sugar.  A  specimen 
of  pale  brandy  yielded  me  one  grain  of  sugar  to  the 
ounce.  The  mode  of  colouring  the  French  brandy  will 
account  for  this  sugar ;  the  spirit  as  it  comes  from  the  still 
being,  of  course,  not  only  colourless  but  absolutely  free 
from  saccharine  principle. 

Sweet  vdnes,  sweet  ales,  porter  and  stout  should  be 
rigidly  forbidden ;  but  the  Burton  bitter  ale  is  not  so  sac- 
charine as  altogether  to  preclude  it  from  occasional  and 
moderate  use.  On  testing  a  specimen  of  Bass's  bottled 
bitter  ale,  which,  I  had  sent  for,  in  the  ordinary  way,  to  a 
common  retail  house,  it  only  yielded  me  just  over  2  grains 
of  sugar  to  the  ounce ;  the  draught  bitter  ale,  Bass's  and 
Allsop's,  afforded  me  rather  more ;  whilst  a  specimen  of 
mild  ale  gave  me  nearly  13  grains  to  the  ounce. 

Amongst  non -stimulating  beverages,  either  tea,  coffee, 
or  cocoa  from  the  nibs,  may  be  taken.  Soda-water  proves 
exceedingly  grateful  to  the  patient's  feelings,  and  may  be 
freely  allowed.  Lemonade,  on  account  of  the  sugar  it  con- 
tains, must  be  avoided. 

Founded  on  the  principle  that  has  been  advocated,  a 
dietary  scheme  has  been  framed,  giving  in  a  tabular  view 
what  kind  of  food  and  drink  may  be  taken,  and  what  is  to 
be  avoided.  The  following  dietary  for  the  Diabetic  in- 
cludes reference  to  the  chief  articles  in  ordinary  consumption 
amongst  us : 
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DIETARY  FOR  THE  DIABETIC. 


MAY  EAT 

Butcher's  meat  of  all  kinds,  except  liver 
Ham,  bacon,  or  other  smoked,  salted,  dried,  or  cured  meats. 

Poultry. 
Game, 

Eish  of  all  kinds,  fresh,  salted,  and  cured. 
Animal  soups  not  thickened,  beef-tea,  and  broths. 
Ihe  almond,  bran,  or  gluten  substitute  for  ordinary  bread. 
Eggs  dressed  in  any  way. 
Cheese.    Cream  cheese. 
Butter.  Cream, 
Greens.  Spinach. 
Water-cress.    Mustard  and  cress.    Green  lettuce. 
Celery  and  radishes  may  be  partaken  sparingly  of. 
Jelly,  flavoured,  but  not  sweetened. 
Blanc-mange  made  with  cream,  and  not  milk. 
Custard  made  without  sugar. 
Nuts  of  any  description,  sparingly. 


MUST  AVOID  EATING 

Sugar  iu  any  form. 
Bread,  wheaten  or  otherwise. 
Kice.    Arrowroot.    Sago.    Tapioca.    Macaroni.  Vermicelli. 
^Potatoes.    Carrots.   Parsnips.  Turnips. 
Peas.   French  beans. 
Cabbage.    Brussels  sprouts. 
Cauliflower.  Broccoli. 
Asparagus.  Seakale. 
Pastry  and  puddings  of  all  kinds. 
Fruit  of  all  kinds,  fresh  and  preserved. 


MAY  DEINK 


Tea,    Coffee,    Cocoa  from  nibs. 
Dry  sherry.  Claret. 
Brandy,  and  spirits  that  have  not  been  sweetened. 
Soda-water. 
Burton  bitter  ale,  sparingly. 


MUST  AVOID  DEINKING 

Milk,  except  sparingly. 
Sweet  ales,  mild  and  old.    Porter  and  stout. 
All  sweet  wines.   Port  wine,  unless  sparingly. 
Liqueurs. 
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Directly  antagonistic  in  principle  to  the  mode  of  treat- 
ment that  has  been  advocated,  are  two  plans  that  appear 
to  have  originated  with  M.  Piorry,  of  Paris,  one  of  which 
may  be  called  the  dry,  the  other  the  homoeopathic  plan 
—homoeopathic,  I  mean,  not  in  respect  of  minimum  doses, 
but  in  its  literal  sense  of  similia  similibus  curantur. 

Prom  what  I  have  seen  regarding  the  disease,  I  cannot 
help  thinking  that  abstinence  from  drinks  must  be  exceed- 
ingly calculated  to  lead  to  prejudicial  consequences ;  and  it 
is  known  to  produce  the  utmost  discomfort.    The  sensation 
caused  by  privation  from  fluids  in  Diabetes  must  be  some- 
thing truly  horrible  to  bear ;  and,  I  believe,  few  are  to  be 
found  who  would  submit  to  endure  it  for  any  length  of 
time.    I  hold  that  a  supply  of  fluid-  such  as  will  not  lead 
to  the  augmentation  of  sugar  from  its  own  constitution — 
is  beneficial  in  Diabetes,  as  it  enables  the  sugar  to  be  car- 
ried away ;  thus,  leaving  the  blood  less  highly  concentrated, 
and  therefore  presenting  a  less  extent  of  deviation  from  the 
state  that  is  normal.    I  beheve  that  good  is  done  by  allow- 
ing the  patient  to  quench  his  thirst,  as  long  as  he  does  so 
with  an  appropriate  fluid.    It  is  nothing  but  obeying  the 
dictates  of  nature,  that  fluid  should  be  taken  when  its  re- 
quirement is  indicated  through  the  sensation  of  thirst. 

I  cannot  certainly  understand,  how  any  case  of  Diabetes 
mellitus  can  have  been  benefited  by  the  administration  of 
sugar ;  and  yet,  cases  have  been  placed  on  record  where 
such  a  result  is  described.  My  own  experience  has  always 
tended  most  strongly  to  the  conclusion,  that  the  ingestion  of 
sugar  cannot  be  otherwise  than  followed  by  an  aggravation  of 
the  symptoms.  I  once  saw  a  patient,  under  one  of  my  col- 
leagues, treated  in  Guy's  Hospital  by  the  sugar  method ;  but 
the  poor  fellow  was  rendered  so  much  worse,  that  it  was 
obliged  to  be  discontinued  after  a  couple  or  three  days. 
There  is  a  paper  by  Dr.  Sloane  in  the  '  British  Medical 
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Journal/  May,  29th,  1858,  on  the  saccharine  treatment  in 
Diabetes  mellitus.  The  plan  was  tried  upon  three  patients  in 
the  Leicester  Infirmary.    In  the  first,  half  a  pound  of  treacle 
a  day  was  given  and  continued  for  more  than  nine  weeks. 
The  urine  was  increased  by  three  quarts  a  day,  or  more  than 
doubled,  and  the  sugar  rose  from  fifty-six  to  eighty  grains 
per  fluid-ounce.    Upon  an  opposite  plan  of  treatment  being 
resorted  to,  the  quantity  of  urine,  and  proportion  of  sugar 
it  contained,  soon  underwent  a  very  marked  decline.  In  the 
second,  sugar  was  administered  for  a  month ;  half  a  pound  of 
treacle  during  the  first  three  days,  and  then,  the  same  quan- 
tity of  honey  during  the  remainder  of  the  time,  as  the  treacle 
induced  nausea,  and  made  the  patient  feel  very  thirsty. 
At  the  end  of  the  month  there  was  much  greater  weakness, 
a  loss  of  two  and  a  half  pounds  in  weight,  and  much  more 
thirst.    The  honey  was,  therefore,  ordered  to  be  omitted. 
The  quantity  of  urine  had  increased  from  eight  to  fourteen 
pints,  but  it  only  contained  one  grain  extra  of  sugar  per 
ounce.    In  the  third  case,  half  a  pound  of  treacle  was  given 
daily  from  November  28th,  1857,  to  January  16th,  1858, 
to  a  girl  fourteen  years  of 'age,  who  was  labouring  under 
the  complaint.    The  patient  lost  four  pounds  in  weight. 
The  urine  increased  in  amount  to  the  extent  of  one  pint  for 
the  twenty-four  hours,  and  the  proportion  of  sugar  per 
fluid-ounce  rose  from  sixty-four  to  seventy  grains.    "  The 

girl,"  says  the  report,  "  was  discharged  at  her  own  request, 
"  and  died  on  February  17th,  at  her  home  in  the  country.^' 
Strangely  enough,  notwithstanding  these  results,  which 
form  the  basis  of  his  paper,  Dr.  Sloane  concludes,  by  stat- 
ing that  much  has  yet  to  be  learned  concerning  the  mode 
of  using  sugar  in  glucosuria,  and  submitting  suggestions 
(as  if  it  had  proved  a  desirable  remedy)  on  the  kind  of 
sugar  to  be  used  and  the  mode  of  using  it. 

I  read  in  the  'Lancet,'  January,  1862,  that  M.  Rigodin 
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allows  a  diet  in  which  sugar-yielding  substances  play  a  great 
part  j  because,  the  experiments  of  Dumas  and  Bernard,  hav- 
ing proved  that  sugar  in  the  economy  is  indispensable  to  life, 
he  thinks  it  is  rational  to  give  sugar  in  Diabetes,  as  patients 
suffering  from  this  malady  lose  large  quantities  of  it.  By 
depriving  these  patients,  ''continues  the  paragraph,"  of 
fecula  sugar,  they  must  be  made  worse,  for  they  are  de- 
prived of  the  means  of  making  up  for  saccharine  losses. 
To  act  upon  such  a  line  of  argument  as  is  here  adduced 
would  be,  to  adopt  a  course,  which  general  experience  con- 
demns as  in  the  highest  degree  pernicious  to  the  patient, 
under  a  process  of  reasoning  as  unfounded  as  it  is  extrava- 
gant. 

Upon  the  medical  treatment  of  Diabetes  I  shall  make 
but  very  few  remarks.  No  medicinal  agent,  as  far  as 
I  am  aware,  has  yet  been  found  that  possesses  the  power  of 
permanently  diminishing  (I  introduce  the  word  perma- 
nently on  account  of  the  remarks  I  shall  have  to  make 
with  reference  to  opium)  the  elimination  of  sugar  in 
Diabetes.  All  that  can  be  at  present  expected  from  medi- 
cal means  is  to  fortify  the  strength  of  the  patient,  to  remove 
whatever  collateral  functional  error  may  exist,  and,  to 
alleviate  symptoms  depending  on  structural  disorganiza- 
tion endeavouring  at  the  same  time  to  check  its  advance. 
An  alkaline  plan  of  treatment  is  that,  perhaps,  which  has 
received  most  favour.  The  Vichy  water  has  been  strongly 
recommended  on  the  Continent,  and  is  pretty  largely  used 
in  this  country.  Cases  not  unfrequently  occur,  where,  how- 
ever, the  mineral  acids  are  indicated ;  and,  administered 
with  a  bitter,  give  rise  to  a  desirable  result,  by  improving 
the  tone  of  health  of  the  patient.  Indeed,  the  thera- 
peutic management  of  our  case  must  be  conducted  upon 
the  ordinary  principles  belonging  to  our  art ;  the  object  to 
be  kept  in  view,  being,  to  resort  to  the  use  of  such  mea- 
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siires  as  are  best  calculated  to  improve  the  tone  of  system 
of  the  Diabetic. 

It  is  a  matter  of  common  observation  in  hospital  prac- 
tice to  notice  that,  no  matter  what  the  remedial  agent 
employed,  the  condition  of  the  patient  for  a  time  improves 
after  reception  into  the  hospital.  I  expect  the  regular  and 
salutary  hours,  the  regular  hving,  and  the  wholesome  food 
(I  am  not  speaking  now  of  cases  restricted  to  an  animal 
regimen),  have  much  to  do  with  producing  this  effect. 
Some  few  months  ago,  a  patient  was  sent  to  me  from  the 
country  as  a  Diabetic.  On  admission  into  the  hospital, 
his  urine  was  found  to  be  natural  in  quantity,  but  to 
contain  a  small  amount  of  sugar.  He  was  not  placed 
upon  a  restricted  diet,  but,  in  the  com-se  of  a  few  days, 
the  urine  was  totally  devoid  of  any  saccharine  character. 

Although  there  is  no  remedy  known  which  possesses  a 
direct  curative  influence  over  Diabetes,  yet  patients  do 
recover  from  this  complaint.  In  one  case  I  had  an  opportu- 
nity of  noticing  a  gradual  decline  of  the  sugar  until  it  penna- 
nently  disappeared ;  and  this,  in  a  form  of  the  complaint, 
that  had  originally  been  very  severe.  The  patient  had,  first 
of  all,  been  an  inmate  of  the  hospital  under  one  of  my  col- 
leagues for  a  few  months.  He  afterwards  attended  as  an 
out-patient,  and  continued  under  my  care  for  very  many 
weeks.  His  urine  was  tested  occasionally  ;  and,  for  a  long 
time,  found  always  to  be  highly  charged  with  sugar.  After 
a  while,  however,  to  my  astonishment,  on  one  day  applying 
the  test,  I  met  with  a  much  less  reaction ;  and,  soon,  there 
was  no  reaction  at  all.  The  patient  continued  still  to 
attend  for  a  few  weeks  longer,  but  the  urine  retained  a 
natural  character.  This  case  occurred  about  four  years 
ago,  and  I  have  not  heard  of  the  patient  since.  There 
was  no  restriction  of  diet  resorted  to  whilst  he  was  under 
my  care,  and  the  medical  treatment  consisted  principally 


TREATMENT  OF  DIABETES. 


167 


of  a  carbonated  alkali,  with  the  carbonate  of  ammonia  and 
opium. 

A  striking  feature  belonging  to  Diabetes  is  the  tolerance 
of  opium  by  persons  labouiing  under  the  complaint.  I 
have  not  unfrequently  commenced  with  two  and  three 
grains  of  opium  a  day,  without  producing  any  visible 
effect.  McGregor*  has  placed  upon  record  two  cases 
w^here  he  gave  opium  in  very  large  doses.  In  one,  the 
quantity  was  gradually  increased,  till  it  reached  a  drachm 
in  the  twenty-four  hours.  The  urine  was  diminished  from 
18  lbs.  to  2  lbs.  and  3  lbs.  in  quantity.  When,  however, 
the  opium  was  discontinued,  the  thirst  increased,  and 
along  with  it  the  quantity  of  urine.  In  the  other  case,  the 
administration  of  opium  was  continued  for  nearly  three 
months,  and  the  dose  was  steadily  increased,  till  it  amounted 
to  ninety  grains  daily.  The  symptoms  of  the  patient  were 
ameliorated,  and  the  urine  was,  as  in  the  first  case,  most 
materially  reduced  in  quantity.  The  opium  was  gradually 
diminished  to  a  few  grains  daily  ;  and,  after  this,  the  patient 
failed  rapidly,  the  Diabetic  symptoms  increased,  and  a 
pleuritic  attack  subsequently  produced  a  fatal  termina- 
tion. In  each  case,  during  the  administration  of  the 
opium,  the  urine  became  very  highly  charged  with  urea ; 
and,  was  likewise  at  one  time  alkaline  from  the  presence 
of  carbonate  of  ammonia. 

Another  feature  of  peculiarity  belonging  to  the  com- 
plaint, is  the  inability  that  is  experienced  to  render  the 
urine  alkaline  by  the  administration  of  the  fixed  alkahes  and 
their  vegetable  salts.  Although  I  have  given  the  carbonate 
of  soda  to  the  extent  of  four  drachms  a  day ;  the  acetate 
of  potash,  half  an  ounce  ;  the  tartrate  of  potash  and  soda 
or  Rochelle  salt,  six  drachms,  and  even  an  ounce ;  and  the 
citrate  of  potash,  six  drachms ;  yet,  I  have  never  succeeded 

*  'London  Med.  Gaz.,'  May,  1837. 
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in  rendering  the  urine  alkaline,  or  in  any  way  approaching 
this  character.  It  is  only  in  one  patient  that  I  have  ever 
seen  the  urine  alkaline  in  Diabetes.  This  was  in  Thair's 
case  (Case  IV,  Appendix)  -after  his  admission  into  the 
hospital  the  second  time.  He  was  in  a  very  feeble  condition, 
and  his  urine  was  repeatedly,  during  a  period  of  about 
three  weeks  strongly  alkaline  to  test-paper,  and  threw 
down  a  copious  deposit  of  phosphates.  The  alkalinity, 
however,  was  due  to  the  presence  of  ammonia,  and  the 
patient  at  the  time  was  taking  nothing  to  account  for  the 
phenomenon. 

I  do  not  consider  it  necessary  to  refer  to  the  various 
remedies  that  have  been  proposed,  from  time  to  time,  upon 
theoretical  grounds  for  Diabetes  as  one  idea  or  another  has 
prevailed  concerning  its  natm-e.  The  theories  themselves 
have  proved,  by  the  progress  of  knowledge,  to  be  illusory ; 
and,  it  is  not  likely,  therefore,  that  what  has  been  founded 
upon  them,  could  really  produce  any  benefit.  I  have 
never  seen  anything  recorded,  to  give  me  an  atom  of  faith 
in  anything  that  has  been  thus  proposed. 

The  comphcations  that  arise  during  the  existence  of  the 
Diabetic  condition  must  be  treated  upon  ordinary  principles. 
But,  I  feel  strongly  convinced,  that  a  most  powerful  aid 
towards  attaining  the  object  that  is  desired,  is  to  be  ob- 
tained, by  adopting  the  dietetic  measures  that  are  known  to 
reduce  the  intensity  of  the  Diabetic  state,  at  the  same  time 
that  remedial  measures  are  directed  towards  the  special 
disorder  that  exists.  The  greater  the  approximation  to  a 
healthy  state  of  the  fluids  that  can  be  produced,  the  greater 
will  be  our  chance  of  success  in  overcommg  whatever 
secondary  disorder  may  exist  for  us  to  treat. 
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CASE  I. 

The  following  case  contains  the  results  of  a  close  exami- 
nation of  the  influence  of  various  articles  of  food  upon  the 
elimination  of  sugar  in  Diabetes.  The  early  history  of  the 
patient,  which  I  have  extracted  from  the  ward  report-book, 
runs  thus  : 

Joseph  North,  set.  32,  No.  34,  Stephen  Ward,  Guy's  Hos- 
pital. A  light-haired,  fresh-complexioned  man,  who,  previous 
to  his  present  complaint,  had  scarcely  known  a  day's  illness  to 
have  happened  to  him.  During  the  commencement  of  November, 
1860,  his  disease  set  in;  according  to  his  own  account,  under 
the  following  circumstances  :  He  had  been  drinking  to  excess, 
and  was  suffering  from  retention  of  urine,  for  the  relief  of 
which  he  procured  an  ounce  of  the  sweet  spirit  of  nitre,  and 
took  it  in  two  doses  within  the  space  of  five  hours.  He  drank 
copiously  afterwards  of  linseed  tea,  and  in  a  few  days'  time 
noticed  that  he  began  to  pass  an  unusual  quantity  of  urine, 
which  continued  increasing  in  amount,  until,  within  a  week,  it 
reached,  he  said,  as  much  as  six  to  seven  quarts  during  the 
day,  and  from  three  to  four  during  the  night.  He  now  suf- 
fered from  much  pain  in  the  loins,  and  found  himself  rapidly 
wasting,  with  a  voracious  appetite,  an  insatiable  thirst,  and  a 
dry  skin. 

The  patient  presented  the  appearance  of  being  a  strong- 
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coristitutioned  man,  although  he  carried  with  him  the  charac- 
teristic diabetic  aspect.  lie  complained  of  nothing  but  what 
was  attributable  to  his  special  disorder,  and  there  was  no 
evidence  of  his  lungs  or  other  organs  being  otherwise  than 
perfectly  sound ;  so  that  he  formed  an  instance  of  a  pure,  uncom- 
plicated case  of  Diabetes  at  a  middle  period  of  life.  He  also 
possessed  an  amount  of  intelligence  surpassing  what  is  usually 
met  with  in  persons  of  his  sphere  of  life,  and  with  readiness 
and  willingness  consented  to  implicitly  carry  out  whatever 
instructions  might  be  given  him.  Time  showed  that  he  entered 
enthusiastically  into  the  spirit  of  the  observations  that  were 
being  conducted.  I  was  dependent  upon  him,  not  only  for 
obedience  to  my  instructions  and  for  giving  an  exact  account 
of  all  that  he  partook,  but  also  for  attention  to  the  collection 
of  his  urine  in  separate  vessels  for  the  several  periods  into 
which  the  twenty-four  hours  were  designedly  divided.  He 
was  under  the  surveillance  of  the  attendants  and  the  other 
patients  in  the  ward,  of  whom  I  made  inquiries  to  see  if  his 
statements  could  be  relied  upon.  From  the  information  I 
obtained,  and  from  the  consistency  in  the  results  of  ray  exami- 
nation of  his  urine,  I  have  the  strongest  reason  to  believe  that 
his  share  in  the  inquiry  may  be  taken  as  performed  with  as 
much  exactitude  as  is  well  possible  to  have  been  observed.  In 
every  respect,  indeed,  I  regard  him  as  one  of  the  most  desirable 
persons  I  could  have  alighted  upon  for  carrying  out  the 
investigation  that  was  conducted. 

It  may  be  desirable  to  state  that  every  analysis  given  in  the 
case  was  made  by  myself;  but,  there  are  two  students  to  whom 
my  thanks  are  specially  due  for  their  assiduous  attention  in 
connection  with  it.  To  Mr.  Cookson  I  am  indebted  for 
assistance  rendered  in  the  ward,  and  to  Mr.  Lamb  for  assis- 
tance rendered  in  the  laboratory.  Without  exception,  the 
analyses  were  made  from  day  to  day,  as  soon  as  the  twenty- 
four  hours  had  expired,  so  as  to  avoid  loss  of  sugar  from 
decomposition.  The  determination  of  the  quantity  of  sugar 
was  effected  by  the  cupro-potassic  liquid  in  the  manner  I  have 

elsewhere  described. 

The  patient  had  been  an  inmate  of  the  hospital  for  six  weeks 
before  he  fell  under  my  care.    He  was  admitted  under  my 
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colleague,  Dr.  Gull,  December  20tli,  1860.  I  perceive  he  was 
then  passing  from  eleven  to  fourteen  pints  of  urine  a  day. 
He  had  been  placed  upon  full  diet,  with  milk,  greens,  and 
four  ounces  of  brandy  and  two  bottles  of  soda-water  daily. 
His  medicine  at  first  consisted  of  the  sesquicarbonate  of 
soda  in  scruple  doses,  with  the  compound  tincture  of  cinchona, 
out  of  infusion  of  hop  three  times  a  day,  and  half  a  grain  of 
opium  also  three  times  a  day.  This  was  afterwards  changed 
for  the  decoction  and  compound  tincture  of  cinchona,  with,  one 
grain  of  opium  three  times  a  day.  Under  this  treatment,  with 
the  diet  already  mentioned,  he  continued  until  February  1st, 
when  he  was  transferred  to  my  care,  on  account  of  Dr.  Gull 
then  taking  charge  of  the  clinical  wards. 

The  object  I  had  in  view,  was  to  examine  as  carefully  as  pos- 
sible the  influence  exerted  by  the  common  articles  of  diet  over 
the  extent  of  elimination  of  sugar — to  ascertain,  in  fact,  as 
closely  as  I  could,  the  relation  existing  between  the  food 
ingested  and  the  sugar  voided  by  the  patient.  In  order  to  get 
the  separate  efl'ect  of  his  meals,  I  divided  the  twenty-four  hours 
into  periods  of  four  hours  each,  and  directed  him  to  collect  his 
urine  in  separate  vessels  for  each.  He  was  always  to  empty 
his  bladder  when  the  end  of  the  period  had  arrived,  and  to  be 
careful  that  no  loss  of  urine  occurred  when  he  had  an  alvine 
evacuation.  I  had  thus  six  specimens  of  urine  for  examination 
every  day ;  and  attention  was  directed  to  the  quantity,  specific 
gravit}^,  extent  of  saccharine  impregnation,  and  the  general 
properties  of  each  visible  to  the  eve. 

A  synopsis  of  all  the  results  obtained  will  be  found  arranged 
in  a  tabular  form  further  on,  with  an  account  of  the  diet  that 
was  from  day  to  day  taken.  On  reference  to  this  table  of 
results,  there  will  be  observed  a  series  of  columns,  the  first  of 
which  is  occupied  by  the  date ;  next  is  a  column  for  the  several 
periods  into  which  the  day  was  divided ;  and  in  a  line  with  each 
particular  period,  in  succeeding  columns,  can  be  seen  the 
specific  gravity  of  the  urine  belonging  to  it,  the  quantity  of 
urine  passed,  the  number  of  grains  of  sugar  in  the  urine  per 
ounce,  and  the  gross  amount  of  sugar  for  the  four  hours,  which 
has  been,  of  course,  obtained  by  multiplying  the  quantity  of 
sugar  per  ounce  with  the  quantity  of  urine  passed.     In  the 
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next  column  is  the  total  amount  of  sugar  for  each  twenty-four 
hours.  Then  comes  the  diet,  with  the  hour  meutioned  at 
which  the  various  articles  of  food  were  taken.  Lastly,  is  a 
column  for  remarks  as  to  the  state  of  the  urine,  and  other 
prominent  particulars. 

The  amount  of  sugar  passed  from  day  to  day,  and  the 
account  of  the  food  consumed,  have  furnished  materials  from 
which  has  been  framed  a  diagramatic  plan,  showing  at  one  view 
the  relation  existing  between  the  iugestioa  of  different  articles 
of  diet  and  the  elimination  of  sugar  in  Diabetes.  This 
plan  has  been,  for  the  sake  of  convenience,  introduced 
into  a  previous  part  of  the  volume  {vide  p.  140).  The 
fluctuating  line  points  opposite  each  day  (and  under  this 
the  diet  taken  is  mentioned)  to  the  number  of  grains  of  sugar 
passed.  The  horizontal  lines  corresponding  to  the  quantities 
indicated  by  the  scale  of  grains  placed  at  either  side ;  on 
looking  to  the  position  of  the  fluctuating  line  for  any  particular 
day,  the  amount  of  sugar  passed  may  be  read  off"  within  a 
moderate  amount  of  minuteness. 

In  the  daily  report  that  follows,  I  have  only  selected  from 
the  details  of  the  case  what  I  considered  to  be  the  leading 
features  of  interest.  To  have  done  more  would  have  given  an 
unnecessary  prolixity  to  the  case.  The  whole  of  the  results 
observed  being  systemically  arranged  together  in  a  tabular 
form  further  on,  reference  can  always  be  made  to  it, 
for  details  that  may  not  happen  to  be  found  in  the  report. 
It  will  be  noticed,  I  have  not  hesitated,  freely  to  introduce 
comments  upon  any  particulars  that  I  have  thought  worthy. 

Throughout  the  observations  on  the  eff"ect  of  diet  that  were 
conducted,  the  patient  took  the  one  grain  of  opium  three  times 
a  day  that  had  been  formerly  prescribed  for  him  ;  but  all  other 
medicine  was  omitted.  He  also  continued  his  brandy  and 
soda-water,  four  ounces  of  the  former  and  two  bottles  of  the 
latter  per  diem,  and  was  allowed  tea  without  milk  or  sugar  in 
it,  and  water  ad  libitum.  For  the  first  few  days,  it  will  be 
observed,  that  the  diet  given  was  an  ordinary  full  mixed  one. 
It  was  the  same  that  he  had  been  taking  ever  since  his  admis- 
sion into  the  hospital;  and  he  was  purposely  ordered  thus  to 
continue  with  it  for  a  short  time,  so  that  a  fair  starting-ponit 
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might  be  obtained  to  rightly  judge  of  what  eflfects  might  be 
produced. 

February  1st  and  2nd. — These  twenty-four  hours  extended 
from  one  o'clock  the  middle  of  one  day  to  one  o'clock  the  middle 
of  the  next.  The  diet  was  a  full  mixed  one.  The  amount  of 
sugar  passed  was  94-75  grs. ;  the  amount  of  urine  233  oz.  The 
six  specimens  gave  as  their  mean  sp.  gr.  1042,  and  as  the  mean 
quantity  of  sugar  per  oz.  40-97  grs.  On  looking  at  the  six 
specimens  placed  side  by  side^  it  was  striking  to  observe  how 
much  darker  in  colour  that  passed  between  one  and  five  in 
the  morning  was  than  either  of  the  rest. 

5th. — The  twenty  four  hours'  period  was  now  made  to  com- 
mence from  one  o'clock  in  the  morning  instead  of  the  afternoon, 
in  order  to  get  the  effect  of  each  day's  diet  manifested  upon  the 
urine  belonging  to  that  day.  The  reason  for  passing  from  the 
2nd  to  the  5th  was,  that  the  urine  for  two  days  escaped  being 
examined,  the  system  of  procedure  not  having  been  then  defi- 
nitely marked  out. 

To-day  the  patient  was  upon  a  full  mixed  diet.  Quantity  of 
sugar  10,573  grs.  ;  quantity  of  urine  259  ozs. ;  mean  sp.  gr. 
of  the  six  specimens  of  urine  1037 ;  mean  amount  of  sugar 
per  oz.  41*29  grs.  The  quantity  of  sugar  passed  between  1 
and  5  a.m.  was  593  grs.,  and  between  5  and  9  a.m.  889  grs. ; 
whilst  during  the  remainder  of  the  day  it  was  upwards  of 
2000  grs.  for  each  four  hours.  There  is  thus  a  striking  increase 
in  the  extent  of  production  of  sugar  occasioned  by  the  imme- 
diate influence  of  the  meals.  The  urine  passed  between  1 
and  5  a.m.  was  of  nearly  a  healthy  yellow  colour,  the  other 
specimens  were  pale  and  diabetic  looking. 

6th. — Full  mixed  diet  again.  Quantity  of  sugar  8961  grs, ; 
quantity  of  urine,  205|  oz. ;  mean  sp.  gr.  1039  ;  mean  amount 
of  sugar  per  oz.,  44*05  grs.  As  upon  the  preceding  occasions, 
the  urine  passed  between  1  and  5  a.m.  was  of  a  much  darker 
colour  than  any  of  the  rest. 

7th. — To-day  the  diet  was  changed,  and  the  patient  allowed 
only  to  take  animal  food.  He  had  two  mutton  chops,  3  oz. 
of  dressed  meat,  and  two  pints  of  beef  tea.  The  average 
weight  of  the  mutton  chops  supplied  in  the  hospital  may  be 
taken  from  observation  at  about  7   oz.     The  quantity  of 
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sugar  immediately  fell  to  2474  grains ;  quantity  of  urine  only 
77i  oz.  The  specific  gravity  for  the  first  two  periods  of  the 
day  was  1043  and  lOl-G ;  for  the  last  it  had  descended  to  1025. 
Again,  during  the  first  two  periods  of  the  day  the  urine  was 
charged  with  sugar  to  the  extent  of  44-80  and  41-30  grs.  per 
oz. ;  during  the  last  there  was  only  20*15  grs.  per  oz.  All 
the  urine  now  presented  a  fair  amount  of  colour,  and  that  passed 
in  the  afternoon  between  1  and  5  threw  down  a  lithate 
deposit, 

8th. — The  diet  consisted  of  three  chops  and  three  pints  of 
beef  tea.  Quantity  of  sugar  3035  grains ;  quantity  of  urine 
143  oz.  The  urine  passed  between  5  and  9  in  the  morning 
was  of  the  highest  sp.  gr.,  viz.  1037 ;  that  passed  between 
9  and  1  at  night,  the  lowest,  viz.  1013.  A  corresponding  order 
was  noticeable  in  the  degree  of  saturation  with  sugar.  During 
the  former  of  the  two  periods  the  urine  contained  26-35  grains 
per  oz. ;  during  the  latter  13-45. 

All  the  specimens  of  urine  were  again  pretty  fairly  coloured, 
and  tliat  passed  during  the  afternoon  threw  down  a  deposit  of 
lozenge-shaped  crystals  of  lithic  acid. 

The  patient  expressed  himself  as  feeling  much  less  thirsty, 
and  said  that  during  the  previous  night  he  had  been  in  a  good 
perspiration,  such  as  he  had  not  been  in  before  for  the  last 
three  months. 

9th. — Two  chops,  4  oz.  of  dressed  meat,  1  egg,  and  3 
pints  of  beef  tea  for  diet.  Quantity  of  sugar  2471  grs. ; 
quantity  of  urine  127,  oz.  There  was  no  sp.  gr.  observed 
exceeding  1030,  The  specimen  presenting  the  lowest  was 
again  that  from  9  to  1  at  night.  It  was  1013,  and  contained 
12-10  grains  of  sugar  to  the  oz.  In  the  other  specimens  the 
sugar  per  oz.  did  not  exceed  24-45  grs. 

10th. — The  diet  allowed  was  1  chop,  1  lb.  of  dressed  meat, 
1  egg,  and  3  pints  of  beef  tea ;  but  the  patient  took  also,  at 
4  p.m.,  a  pint  of  prepared  cocoa  sweetened  with  sugar.  It 
was  Sunday  afternoon,  and  his  friends  had  been  to  see  him 
and  brought  him  this  as  a  treat.  Henceforth,  he  was  strin- 
gently directed  not  to  have  anything  brought  in,  and  watch 
was  put  upon  him  to  see  that  it  was  carried  out.  Quantity  of 
sugar  passed  3179  grs, ;  quantity  of  urine  136  oz.    It  is  ex- 
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ceedingly  interesting  to  look  at  the  amount  of  sugar  passed 
during  the  different  periods  of  the  day,  and  notice  the  imme- 
diate effect  produced  by  the  violation  of  his  instructions  that 
he  committed.  From  1  to  5  a.m.  it  was  290  grs. ;  5  to  9  a.m. 
166  grs. ;  9  to  1  p.m.  461  grs. ;  1  to  5  p.m.  468  grs. ;  5  to 
9  p.m.  1311  grs.,  and  9  to  1  a.m.  483  grs.  He  partook  of 
the  sweetened  cocoa  at  4  p.m. 

Between  1  and  5  p.m.  the  sugar  was  as  nearly  as  possible 
the  same  as  during  the  preceding  four  hours.  But  between  5 
and  9  p.m.  he  passed  upwards  of  800  grs.  more  than  he  might 
have  fairly  been  expected  to  have  done,  had  he  not  departed 
from  his  prescribed  regimen.  During  the  following  four  hours 
the  amount  fell  to  nearly  what  it  was  before  the  rise.  It 
thus  seems  that  what  was  taken  at  4  p.m.  manifested  its  prin- 
cipal effects  between  5  and  9  p.m.,  and  that  the  sugar  the 
result  of  ingestion  was  all  carried  off,  or  had,  so  to  speak, 
filtered  through  the  system  and  been  discharged,  by  the  end 
of  this  time.  The  urine,  which  had  been  previously  more  or 
less  high  coloured,  became  during  the  last  two  periods  of  the 
day  almost  as  colourless  as  water. 

11  til. — One  chop,  13  oz.  of  dressed  meat,  and  3  pints  of 
beef  tea  for  diet.  Quantity  of  sugar  passed  3329  grs.  j  quan- 
tity of  urine  I4O5  oz.  It  appeared  as  if  his  infraction  of  the 
previous  day  had  still  left  traces  of  its  ill  effects  for  several 
hours.  The  sugar  continued  high  in  quantity  up  to  5  p.m.  to- 
day. Between  1  and  5  p.m.,  in  fact,  he  passed  1016  grs. ; 
the  urine  having  a  sp.  gr.  of  1035,  and  containing  33'30  grs. 
of  sugar  to  the  oz.  From  5  to  9  p.m.,  the  amount  of  sugar 
was  418  grs. ;  and  during  the  next  four  hours  only  200  grs. 
This  last  urine  was  of  a  sp.  gr.  1013,  and  contained  7*40  grs. 
of  sugar  to  the  oz. 

12th. — Diet,  1  pair  small  soles,  1  chop,  4  oz.  of  dressed 
meat,  and  3  pints  of  beef  tea.  Quantity  of  sugar  1096  grs. ; 
quantity  of  urine  92|  oz.  The  last  specimen  of  urine — that 
passed  between  9  and  1  at  night,  was  again  of  a  sp.  gr.  1013, 
and  contained  only  6  grs.  of  sugar  to  the  oz.  The  highest 
degree  of  saturation  with  sugar  attained  to-day  was  19*35  grs. 
to  the  oz.  Some  of  the  urine  again  deposited  lithates  and 
lithic  acid. 
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13th. — The  diet  consisted  of  fish  and  beef  tea  only.  Four 
pairs  of  small  soles  and  2  pints  of  beef  tea  were  consumed. 
Quantity  of  sugar  1696  grs. ;  quantity  of  urine  163  oz.  The 
quantity  of  sugar  per  oz.  did  not  reach  higher  than  15-15  grs., 
and  for  the  last  period  of  the  twenty-four  hours  descended  to 
5-83  grs.  Three  of  the  specimens  of  urine  threw  down  crystals 
of  lithic  acid, 

14th. — Diet,  2  pints  of  jelly,  16  oz.  of  dressed  meat,  and 
1  pint  of  beef  tea.  The  jelly  was  made  in  the  usual  way,  and 
flavoured  with  sugar,  a  little  sherry,  and  essence  of  lemon. 
Quantity  of  sugar  passed  952  grs. ;  quantity  of  urine  107^  oz. 
The  sugar  in  the  jelly,  of  w^hich  I  was  informed  2  oz.  were  allowed 
for  the  2  pints,  evidently  exerted  a  deleterious  tendency.  The 
jelly  was  all  taken  at  6  and  9  in  the  morning,  and  no  other  food 
till  1  p.m.  Between  9  and  1  in  the  day,  the  urine  presented 
a  sp.  gr.  of  1031,  and  contained  25-25  grs.  of  sugar  to 
the  oz.  During  the  other  portions  of  the  day,  the 
amount  of  sugar  per  oz.  was  not  higher  than  13-15  grs., 
and  during  the  last  two  periods  was  only  3*33  and  3-69  grs. 
respectively. 

15th. — Diet,  two  pints  of  jell}^,  two  chops,  and  two  pints  of 
beef  tea.  Quantity  of  sugar  passed,  569  grs. ;  quantity  of  urine, 
107f  oz.  The  jelly  to-day  was  made  without  sugar.  One 
pint  of  it  was  taken  at  6  a.m.,  and  the  other  at  10  a.m.,  with 
no  other  food  till  1  p.m.  The  sugar  passed  was  infinitely 
lower  in  quantity  than  it  had  ever  been  noticed  before.  The 
proportion  per  ounce  of  urine  did  not  exceed  7  56  grs.,  and 
the  lowest  was  2-35.  The  sugar  voided  during  the  respective 
periods  of  the  twenty-four  hours  was  76,  30,  56,  86,  67,  and 
254  grs.  Looking  at  these  figures,  it  would  appear  that  jelly 
does  not  occasion  so  much  production  of  sugar  as  meat.  Up 
to  1  p.m.  nothing  but  the  jelly  was  taken  ;  and  after  1  p.m. 
the  meat  and  beef  tea.  The  amount  of  sugar  continued  ex- 
ceedingly low  up  to  9  p.m.,  but  during  the  succeeding  four 
hours  the  quantity  was  254  grs. — nearly  half  of  the  amount 
given  for  the  twenty-four  hours.  I  presume  this  may  be  taken 
as  the  eflFect  of  the  change  to  meat,  and  that  the  sugar  result- 
ing from  the  ingestion  of  meat  requires  a  longer  time  to  make 
its  appearance  in  the  urine  than  that  resulting  from  the 
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ingestion  of  saccharine  and  starchy  materials.  The  patient 
confidentially  stated  to-day  to  the  reporter  of  his  case,  that  he 
felt  certain  he  was  getting  better  on  account  of  a  particular 
symptom  he  had  observed.  To  use  his  own  words,  "  He  had 
been  like  a  child  hitherto  during  his  illness,  but  now  he  found 
that  the  nature  of  man  had  returned  upon  him."  His  weight 
to-day  was  9  st.  5  lbs. 

16th. — Diet,  one  chop,  sixteen  ounces  of  dressed  meat,  and 
three  pints  of  milk  instead  of  the  beef  tea.  Quantity  of  sugar, 
1198  grs. ;  quantity  of  urine,  105^  oz.  The  lowest  amount  of 
sugar  per  ounce  noticeable  to-day  was  7*65,  which  is  a  trifle 
higher  than  the  highest  of  yesterday — a  fact  that  presents  a 
significant  appearance  with  respect  to  the  substitution  of  milk 
for  beef  tea. 

17th. — Diet  precisely  the  same  as  yesterday.  The  amount 
of  sugar  passed  was  1258  grs.;  quantity  of  urine,  98i 
oz.  Mean  sp.  gr.  of  the  six  specimens  1026.  Mean 
amount  of  sugar  per  oz.  14' 96  grs.  The  patient  stated 
that  a  much  less  amount  of  food  satisfied  him  now  than 
formerly,  and  that  he  did  not  experience  thirst  as  he  used 
to  do. 

18th. — Diet  the  same  as  yesterday,  with  the  addition  of  half 
a  pound  of  suet,  which  was  mixed  with  the  milk.  Quantity  of 
sugar,  1485  grs.;  quantity  of  urine,  99|  oz.  Mean  sp.  gr. 
given  by  the  six  specimens,  1025.  Mean  amount  of  sugar  per 
ounce,  16*95  grs. 

19th. — Diet,  two  chops,  eight  ounces  of  dressed  meat,  three 
pints  of  milk,  and  three  quarters  of  a  pound  of  suet.  Quantity 
of  sugar,  1722  grs. ;  quantity  of  urine,  83|  oz.  Mean  sp.  gr. 
of  the  six  specimens,  1031.  Mean  amount  of  sugar  per  ounce, 
21-6^  grs. 

20th. — Diet,  one  chop,  sixteen  ounces  of  dressed  meat,  three 
pints  of  milk,  and  a  quarter  of  a  pound  of  suet.  Quantity  of 
sugar,  2225  grs.  ;  quantity  of  urine,  lOli  oz.  Mean  sp.  gr. 
of  the  six  specimens,  1033.  Mean  amount  of  sugar  per  ounce, 
23-47  grs. 

According  to  the  patient^s  opinion — and  he  had  not  been 
informed  of  the  analytical  results  obtained — the  milk  he  was 
having  did  not  agree  with  his  complaint;  for  since  he  had 
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been  taking  it,  lie  began  to  experience  somewhat  similar  sen- 
sations to  those  he  had  at  the  commencement  of  his  disease. 
He  liked  the  suet,  and  said  it  filled  up  the  void  which  seemed 
to  exist  at  the  pit  of  his  stomach,  more  than  anything  else  he 
had  yet  taken.  In  strict  accordance  with  the  statement  that 
was  expressed  by  the  patient,  the  condition  of  his  urine  had 
been  steadily  getting  worse,  during  the  whole  period  (five  days) 
that  he  had  been  supplied  with  milk.  It  is  true,  during  the 
latter  three  days  he  had  also  been  supplied  with  suet ;  but  the 
effect  observed  would  not  appear  to  be  due  to  this ;  for,  the 
last  day,  when  there  was  a  rise  of  500  grs.  of  sugar,  he  only 
had  a  quarter  of  a  pound  of  suet ;  whilst  on  the  day  previously 
he  took  three  quarters  of  a  pound,  and  the  day  before  that  half 
a  pound. 

21st. — Diet,  six  eggs,  one  pound  of  dressed  meat,  and  two 
pints  of  beef  tea.  The  quantity  of  sugar  descended  to  927  grs., 
and  the  amount  of  urine  to  65  oz.  Three  of  the  specimens  of 
nrine  again  deposited  crystals  of  lithic  acid. 

The  patient's  weight  to-day  was  9  st.  5  lbs.,  being  exactly 
the  same  as  when  he  Aveighed  on  the  15th. 

22nd. — Diet,  eight  eggs,  two  chops,  and  two  pints  of  beef 
tea.  The  quantity  of  sugar  again  fell,  amounting  only  to  734 
grs.  The  quantity  of  the  urine  was  71|  oz.  Some  of  the 
urine  threw  down  lithates  and  crvstals  of  lithic  acid. 

ft/ 

23rd. — Diet,  four  dozen  oysters,  one  pound  of  dressed  meat, 
and  three  pints  of  beef  tea.  Quantity  of  sugar,  1310  grs. ; 
quantity  of  urine,  115|  oz. 

24th. — Diet  precisely  the  same  again  as  yesterday ;  but  the 
quantity  of  sugar  was  only  896  grs.,  and  the  quantity  of  urine 
97  oz.  Looking  to  these  two  days'  results,  the  effect  of  oysters 
upon  the  production  of  sugar  in  the  complaint  is  not  very 
clear.  I  had  expected  to  find  the  amount  of  sugar  increased 
on  account  of  the  considerable  quantity  of  amyloid  substance 
which  the  oyster  contains,  and  this  expectation  was  realised  by 
the  first  day's  examination;  but  on  the  second  day  the  sugar 
fell  to  quite  a  moderate  degree.  Between  1  and  5  in  the 
afternoon,  the  four  hours'  urine  only  contained  16  grains, 
and  was  charged  merely  to  the  extent  of  2*4  grains  to  the 
ounce.     The  oysters  had  been  all  taken  at  7  o'clock  in  the 
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morning,  and  throughout  the  clay  until  niglit  the  sugar  con- 
tinued low. 

25th. — Diet,  one  chop,  eight  ounces  of  dressed  meat,  and 
three  pints  of  beef  tea.  Quantity  of  sugar,  867  grs. ;  quantity 
of  uriue,  78i  oz. 

26th. — Diet,  eight  ounces  of  suet,  three  chops,  and  three 
pints  of  beef  tea.  Quantity  of  sugar,  886  grs. ;  quantity  of 
urine,  103  oz. 

Between  1  and  5  p.m.  the  urine  that  was  passed  only  con- 
tained a  trace  of  sugar.  This  was  the  first  time  that  I  had 
noticed  any  specimen  in  such  a.  state. 

The  suet  Avas  given  with  only  meat  and  beef  tea,  to  clear  up 
the  point  that  was  left  unsettled  when  it  had  been  given  with 
milk.  The  result  obtained  clearly  showed,  as  had  been  sur- 
mised, that  the  rise  before  observed  was  not  due  to  the  suet. 

27th. — Diet,  four  ounces  of  gum  arabic  made  into  a  dilute 
mucilage,  and  drunk  at  intervals  during  the  morning,  one 
chop,  one  pound  of  dressed  meat,  and  two  pints  of  beef  tea. 
The  quantity  of  sugar  ascended  from  886  to  1177  grs.;  the 
amount  of  urine  was  95  oz. 

The  patient  weighed  to-day  9  st.  10  lbs.,  being  an  increase 
of  5  lbs  since  the  21st. 

28th. — Diet,  one  chop,  one  pound  of  dressed  meat,  and 
three  pints  of  beef  tea ; — the  same  diet  as  yesterday,  substi- 
tuting one  pint  of  beef  tea  for  the  four  ounces  of  gum.  The 
quantity  of  sugar  descended,  returning  to  887  grs.  The 
amount  of  urine  was  711  oz.  The  specimen  passed  between 
1  and  5  p.m.  threw  down  lithates. 

March  1st. — Diet,  three  chops,  greens,  and  two  pints  of 
beef  tea.  Quantity  of  sugar,  594  grs. ;  quantity  of  urine 
651  oz. 

For  the  second  time,  one  of  the  specimens  of  urine  contained 
a  trace  of  sugar  only ;  and,  as  on  the  previous  occasion,  it  was 
the  urine  passed  between  1  and  5  in  the  afternoon.  Once 
before,  there  was  a  particularly  small  quantity  of  sugar  (six- 
teen grains)  eliminated  for  the  four  hours,  viz.,  on  February 
24th ;  and  this  also  occurred  during  the  period  from  1 
to  5  p.m. 

Four  of  the  specimens  to-day  deposited  lithates. 
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Olid. — Diet,  seventeen  ounces  and  a  half  of  bran  biscuits, 
one  chop,  one  pound  of  dressed  meat,  and  three  pints  of 
beef  tea.  The  quantity  of  sugar  rose  to  2630 grs.;  amount 
of  urine,  961  oz.  The  bran  biscuits  were  commenced  at  6 
a.m. ;  and  even  the  urine  passed  between  5  and  9  a.m.  bore 
evidence  of  their  effects,  for  the  amount  of  sugar  per  ounce 
sprang  from  15-99  grs.  to  29  37,  and  continued  higher  than 
this  till  9  p.m.,  when  it  made  a  slight  descent  to 
26-64  grs. 

The  patient  soon  perceived  in  his  bodily  sensations  the 
prejudicial  effect  of  his  alteration  of  diet.  About  the  middle 
of  the  day  he  said  he  did  not  know  how  the  bran  biscuits 
would  suit  him,  but  he  thought  they  made  him  thirsty,  and  his 
mouth  dry. 

3rd. — Diet,  twelve  ounces  of  bran  biscuits,  one  chop,  one 
pound  of  dressed  meat,  and  three  pints  of  beef  tea.  Quantity 
of  sugar  passed,  3291  grs.;  quantity  of  urine,  llOl  oz.  The 
proportionate  amount  of  sugar  in  the  urine  fluctuated  between 
22*50  and  36  grs.  per  ounce,  and  the  sp,  gr.  between  1030  and 
1043. 

The  patient  felt  quite  sure  the  bran  biscuits  were  not 
agreeing  with  him  ;  for  not  only  was  he  thirsty,  and  his 
mouth  dry,  but  the  skin  of  his  hands,  instead  of  being  supple 
as  it  had  lately  been,  was  dry  and  harsh. 

4th. — Diet,  twelve  ounces  of  gluten  bread,  one  chop, 
twelve  ounces  of  dressed  meat,  and  three  pints  of  beef  tea. 
Quantity  of  sugar  passed,  4079  grs. ;  quantity  of  urine,  151 
oz.  The  proportion  of  sugar  in  the  urine  fluctuated  between 
23-58  and  30-63  grs.  per  ounce,  and  the  sp.  gr.  between  1031 
and  1038. 

5th. — Diet,  five  ounces  and  a  half  of  gluten  bread,  three 
chops,  four  ounces  of  dressed  meat,  and  three  pints  of  beef 
tea.  It  will  be  observed  that  five  ounces  and  a  half  of  gluten 
bread  were  taken  to-daj^,  instead  of  twelve  as  yesterday.  The 
quantity  of  sugar  fell  to  3228  grs.,  and  the  quantity  of  urine 
to  121i  oz.  The  proportion  of  sugar  in  the  different  speci- 
mens of  urine  ranged  between  19-71  and  31-29  grs.  per  ounce. 
The  gluten  bread  that  was  taken,  was  eaten,  a  portion  at  10  a.m., 
and  the  remainder  at  1  p.m.     On  the  three  previous  days  the 
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gluten  breud  and  bran  biscuits  were  commenced  with  tlie 
patient's  breakfast,  at  6  a.m.  Now,  it  is  interesting  to  notice 
that  to-day  there  is  a  successive  fall  in  the  sugar  passed  during 
the  first  three  periods,  and  that  it  is  not  till  between  1  and  5 
p.m.  that  the  rise  takes  place;  whilst  on  the  three  preceding 
days,  in  each  case,  there  is  a  diminution  from  the  first  to  the 
second  period,  but  at  the  third,  viz.,  between  9  a.m.  and  1  p.m., 
a  rise  takes  place.  As  there  were  four  hours'  difference  in  the 
time  at  which  the  vegetable  aliment  was  commenced  in  the 
day,  so  there  were  four  hours'  difference  in  the  time  at  which 
the  escape  of  sugar  began  to  show  an  increase. 

Weight  of  the  patient  to-day,  9  st.  10  lbs.,  which  is  the  same 
as  when  he  last  weighed. 

(3th. — Diet,  one  chop,  one  pound  of  dressed  meat,  and  three 
pints  of  beef  tea.  The  quantity  of  sugar  showed  a  descent  to 
751  grs.,  and  the  urine  to  52|  oz.  The  proportion  of  sugar 
did  not  range  higher  than  between  1170  and  18-45  grs.  per  oz. 
Some  of  the  urine  again  began  to  deposit  lithates. 

The  patient  expressed  himself  as  already  feeling  better  for 
the  omission  of  the  bran  biscuits  and  gluten  bread. 

7th. — Diet,  the  same  as  yesterday.  Quantity  of  sugar 
passed,  1188  grs. ;  the  proportion  of  sugar  in  the  six  specimens 
ranging  between  9-39  and  18*93  grs.  per  oz.  The  quantity  of 
urine  was  82|  oz. 

8th. — A  return  to  gluten  bread  was  made,  in  order  to 
determine  as  clearly  as  possible  its  comparative  merit,  as  placed 
by  the  side  of  the  bran  biscuit.  Fourteen  ounces  of  gluten 
bread  were  taken,  with  three  chops  and  three  pints  of  beef  tea. 
The  quantity  of  sugar  immediately  rose  to  3443  grains  for  the 
day.  The  amount  of  urine  was  129i  oz.  The  urine  passed 
between  1  and  5  a.m.  contained  12'96  grs.  of  sugar  to  the 
ounce.  The  gluten  bread  was  commenced  at  6  a.m.,  and  the 
urine  passed  between  5  and  9  a.m.  contained  28*23  grains  of 
sugar  to  the  ounce.  The  proportion  continued  high  throughout 
the  remainder  of  the  day. 

9th. — Diet,  fourteen  ounces  of  gluten  bread,  one  chop,  one 
pound  of  dressed  meat,  and  three  pints  of  beef  tea.  Quantity 
of  sugar  passed,  4539  grs.;  quantity  of  urine,  172|  oz.  The 
proportion  of  sugar  fluctuated  between  23-22  and  30  63  grs. 
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per  ounce.  All  the  specimens  of  urine  were  pale  and  diabetic 
looking.  The  patient  experienced  much  thirst  and  dryness  of 
skin. 

On  reverting  to  the  effect  of  gluten  bread,  as  compared  with 
bran  biscuit,  we  observe  that  when,  on  March  2nd,  seventeen 
ounces  and  a  half  of  bran  biscuits  were  consumed,  the  quantity 
of  sugar  passed  was  2630  grs.  On  the  following  day,  twelve 
ounces  were  taken,  and  the  amount  of  sugar  was  3291  grs. 
March  4th,  gluten  bread  was  substituted  in  equal  quantity  for 
the  bran  biscuit ;  the  sugar  passed  was  4079  grs.  March  5th, 
only  five  ounces  and  a  half  of  gluten  bread  were  given  ;  the 
sugar  was  still  3228  grs.  Two  days  of  animal  diet  were 
allowed  to  intervene  for  the  sugar  to  fall,  and  gluten  bread 
was  again  given  to  the  extent  of  fourteen  ounces  each  day  for 
a  couple  of  days.  On  the  first  day  the  rise  was  to  3443  grs., 
and  on  the  second  to  4539.  Tliese  figures  would  certainly 
seem  to  indicate  bran  biscuit  as  less  objectionable  in  the  way 
of  producing  sugar  than  gluten  bread. 

10th. — Diet,  one  chop,  one  pound  of  dressed  meat,  and 
three  pints  of  beef  tea.  Quantity  of  sugar  passed,  1726  grs. ; 
quantity  of  urine,  881  oz.  Some  of  the  urine  again  deposited 
lithates. 

11th. — Diet,  the  same  as  yesterday.  Quantity  of  sugar, 
994  grs. ;  quantity  of  urine,  86  oz.  The  proportion  of  sugar 
per  ounce  of  urine  varied  between  9*60  and  16-74  grs.  Some 
of  the  urine  deposited  lithates. 

12th. — Diet,  four  ounces  of  rice,  one  egg,  two  chops,  and 
three  pints  of  beef  tea.  Quantity  of  sugar,  2587  grs. ;  quantity 
of  urine,  107  oz. 

The  rice  was  taken  in  the  form  of  a  pudding,  with  the  egg  ; 
half  of  it  at  6  a.m.,  and  the  remainder  at  10  a.m.  No  other 
food  was  taken  till  1  p.m.  Between  1  and  5  a.m.  the  amount 
of  sugar  passed  was  81  grs.,  and  its  proportion  per  ounce 
13'56  grs.  Between  5  and  9  a.m.  the  figures  given  were 
576  grs.  and  28"80  grs. ;  and  between  9  a.m.  and  1  p.m., 
837  grs.  and  31*29  grs.  After  this,  the  gross  amount  de- 
scended to  375  grs.,  but  the  proportion  continued  the  same. 
In  the  following  period  there  was  a  descent  in  both,  and  in 
the  .last  the  proportion  was  down  to  13-98  grs.    The  rice,  then. 
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produced  evident  effects  upon  the  urine  witliin  the  period  that 
it  was  taken;  and  its  influence  did  not  become  exhausted  until 
quite  the  end  of  the  day. 

13th. — Diet,  one  pound  of  potatoes,  one  chop,  one  pound 
of  dressed  meat,  and  three  pints  of  beef  tea.  Quantity  of 
sugar  passed,  2270  grs.  ;  quantity  of  urine,  102i  oz.  The 
potatoes  were  eaten  for  breakfast  at  6  a.m.,  and  nothing  else 
Avas  taken  till  11.  From  1  to  5  in  the  morning  the  gross 
amount  of  sugar  voided  was  281  grs.,  and  its  proportion 
18-45  grs.  to  the  ounce  of  urine.  Between  5  and  9  a.m.  the 
gross  amount  rose  to  794  grs.,  and  the  proportion  per  ounce  to 
24-81  grs.  During  the  next  period  the  proportion  still  showed 
a  rise  to  31*29  grs.,  but  it  afterwards  in  each  period  fell  until 
the  last,  when  it  stood  at  14-52.  After  the  rise  mentioned  in 
the  gross  amount,  there  was  a  successive  descent  throughout 
the  day  till  9  in  the  evening. 

In  order  that  a  fair  comparison  may  be  made  between 
potatoes  and  food  of  a  dry  description,  one  pound  of  potatoes 
was  well  dried,  and  it  was  found  that  it  lost  eleven  ounces  in 
weight.  The  sixteen  ounces,  then,  only  contained  five  ounces 
of  solid  matter. 

The  patient^s  weiglit  to-day  was  9  st.  13  lbs.,  being  a  gain 
of  three  pounds  since  March  5th. 

March  14th. — Diet,  two  ounces  of  arrowroot,  one  chop, 
sixteen  ounces  of  dressed  meat,  and  three  pints  of  beef  tea. 
One  ounce  of  the  arrowroot  was  taken  at  6  a.m.,  and  the  other 
ounce  at  9  a.m.,  with  no  other  food  till  11.  Quantity  of 
sugar  passed,  as  nearly  as  possible,  the  same  as  yesterday,  viz., 
2278  grs. ;  quantity  of  urine  also  nearly  the  same,  viz.  101  oz. 
It  will  be  observed  that  the  arrowroot  was  taken  at  6  and 
9  a.m.,  instead  of  altogether  at  6  a.m.,  as  with  the  potatoes. 
The  rise  of  sugar  for  the  several  periods  was,  in  accordance,  less 
rapid.  The  figures,  given  in  their  order  for  the  six  specimens 
throughout  the  twenty-four  hours,  run  thus — 219,  360,  458, 
.540,  372,  and  329  grs.  The  proportion  of  sugar  to  the  ounce 
of  urine  in  the  several  specimens  was  18-21,  30,  32-70,  25-71, 
24-81,  and  12-18  grs. 

15th. — Diet,  four  ounces  of  bread,  three  chops,  and  three 
pints  of  beef  tea.     Quantity  of  sugar,  3521  grs.    quantity  of 
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urine,  131  oz..  The  four  ounces  of  bread  were  taken  at  6  a.m. 
It  did  not  appear  to  manifest  its  full  effect  upon  the  urine  so 
rapidly  as  tlie  other  articles  from  the  vegetable  kingdom  that 
had  been  given ;  neither  did  the  effect,  when  produced,  pass  off 
so  rapidly.  The  day  began  with  the  patient's  passing  197  grs. 
of  sugar  during  the  first  four  hours,  the  urine  containing 
11-79  grs.  of  sugar  to  the  ouncs.  From  5  to  9  a.m.  the  gross 
amount  of  sugar  was  387  grs.,  and  the  proportion  27-15  grs. 
per  ounce.  From  9  a.m.  to  1  p.m.  the  figures  given  were 
800  and  31-98;  from  1  to  5  p.m.,  790  and  35-10  ;  from  5  to 
9  p.m.,  705  and  30  ;  and  from  9  p.m.  to  1  a.m.,  642  and 
22-14.  It  is  thus  evident  that,  although  the  bread  was  eaten 
at  6  o'clock  in  the  morning,  its  influence  was  strikingly  mani- 
fest till  the  end  of  the  day;  and,  even  during  the  first  four 
hours  on  the  following  morning,  the  amount  of  sugar  was 
337  grs.,  the  proportion  of  sugar  to  the  ounce  of  urine  being 
22-50  grs. 

As  compared  with  the  bran  biscuit  and  gluten  bread,  the 
analytical  results  obtained  show  that  the  ordinary  bread  pro- 
duces by  far  a  much  more  prejudicial  effect  upon  the  complaint. 
This  will  be  seen  by  reverting  to  the  figures,  and  bearing  in 
mind  the  difference  in  the  quantity  of  the  articles  taken. 

16th. — Diet,  two  pounds  of  carrots,  one  chop,  one  pound  of 
dressed  meat,  and  three  pints  of  beef  tea.  Quantity  of  sugar 
passed,  2371  grs. ;  quantity  of  urine,  91  oz.  The  carrots  were 
taken  in  equal  portions  at  6  and  9  a.m.,  with  an  exclusion  of 
other  food  till  11.  The  figures  representing  the  gross  amount 
of  sugar  passed  during  the  six  periods  of  the  day,  with  the 
proportion  of  sugar  to  the  ounce  of  urine,  stand  thus;  337, 
22-50;  346,  28-80;  198,  24-81  ;  443,  27-69;  375,  31-29; 
672,  24. 

One  pound  of  carrots,  on  being  well  dried,  left  a  residue 
slightly  over  three  and  a  half  ounces. 

17th. — To-day  the  patient  was  put  back  upon  a  full  mixed 
diet,  the  same  as  he  had  at  the  commencement  of  the  observa- 
tions on  his  case.  The  amount  of  sugar  rose  to  8319  grs.,  and 
the  amount  of  urine  to  257|  oz. 

18th.  — Full  mixed  diet.  Quantity  of  sugar,  8959  grs.; 
quantity  of  urine,  255  oz. 
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19tl,. — Full  mixed  diet.  Quantity  of  sugar,  8355  grs. ; 
quantity  of  urine,  242^  oz.  The  amount  of  sugar  per  ounce  in 
the  various  specimens  did  not  full  below  3075  grs.,  nor  the 
sp.  gr.  below  1031. 

Weight  of  the  patient  to-day,  9  st.  12  lbs.,  which  is 
one  pound  less  than  when  he  last  weighed  on  the  13th 
instant. 

20th. — Full  mixed  diet.  Quantity  of  sugar,  8965  grs. ; 
quantity  of  urine,  247  oz.  Taking  the  six  specimens  of  urine, 
the  amount  of  sugar  per  ounce  varied  between  33-65  and 
39-30  grs.,  and  the  sp.  gr.  between  1036  and  1041. 

The  patient  had  now  been  four  days  on  the  ordinary  full 
mixed  diet  of  the  hospital,  and  the  amount  of  sugar  he  passed 
had  fluctuated  between  8319  and  8965  grs.  per  diem.  This 
is  not  so  much,  although  the  diet  was  the  same  as  when  his 
case  was  commenced  with  ;  for  then,  during  the  three  days 
given,  the  sugar  was  8961  grs.  at  its  lowest,  and  10573  grs.  at 
its  highest.  Such  a  result  would  tend  to  show  that  some 
permanent  improvement,  as  well  as  a  temporary  alleviation,  had 
been  obtained  by  the  reduction  of  sugar  for  a  time  through 
the  alteration  of  diet. 

It  is  curious  to  notice  the  successive  rise  and  fall  that  has 
occurred  in  the  amount  of  sugar  passed  during  one  day  and 
another  under  the  mixed  diet ;  aud,  also  under  the  purely 
animal  diet,  when  the  opportunity  was  aflbrded,  by  its  con- 
tinuance for  a  few  consecutive  days  together.  This  is  ren- 
dered strikingly  apparent  on  referring  to  the  plan  (opposite 
p.  140)  that  gives  a  general  view  of  the  case,  and  directing  the 
attention  to  that  part  of  it  corresponding  to  the  first  six  and 
the  last  seven  days. 

21st. — Diet,  one  chop,  one  pound  of  dressed  meat,  and  three 
pints  of  beef  tea.  An  immediate  fall  was  observed  in  the 
amount  of  sugar,  from  8965  to  1962  grs.,  and  in  the  amount, 
of  urine  from  247  to  80  oz. 

22nd. — Diet,  three  chops  and  three  pints  of  beef  tea. 
Quantity  of  sugar  passed,  1330  grs.;  quantity  of  urine, 
84  oz.  One  of  the  specimens  of  urine  threw  down  a  lithate 
deposit. 

23rd. — Diet,  one  chop,  one  pound  of  dressed  meat,  and  three 
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pints  of  beef  tea.  Quantity  of  siigiir,  2113  grs. ;  quantity  of 
urine,  97^^  oz. 

Having  thus  ascertained  that  tlirough  the  influence  of 
a  strictly  animal  regimen  the  elimination  of  sugar  by  ray 
patient  was  so  materially  rerluced,  I  now  resolved  to  keep  him 
upon  animal  food,  and  try  if  I  could  discover  any  medicine 
that  would  still  further  produce  a  reduction.  With  this  view 
the  patient  remained  in  the  hospital  under  my  cave  till 
May  31st.  I  at  first  administered  large  doses  of  the  phos- 
phoric acitl,  then  the  carbonate  of  soda,  and  afterwards  the 
tartrate  of  potash  and  soda.  From  neither,  can  I  say,  I  ob- 
tained evidence  of  what  would  enable  me  to  speak  of  as  direct 
influence,  either  one  way  or  the  other.  It  is  worthy  of 
remark  that,  although  at  one  time  as  much  as  an  ounce  a  day 
of  the  tartrate  of  potash  and  soda  was  being  administered,  yet 
the  urine  remained  decidedly  acid. 

Under  the  animal  diet  that  was  in  this  way  continued  the 
patient  strikingly  improved  in  bodily  appearance,  healtli,  and 
strength.  He  did  not  object  to  his  kind  of  food,  did  not  get  tired, 
of  it,  and  said  that  he  felt  no  longing  after  bread  nor  any  other* 
vegetable  substance.  He  was  allowed  greens,  however,  as  it 
had  been  observed  that  they  produced  no  ill  effect.  Before  he 
left  the  hospital  he  expressed  himself  as  feeling  well  in  every 
respect.  He  had  never,  he  said,  felt  better  in  his  life.  He 
had  no  thirst,  no  dryness  of  skin,  and  his  appetite  was  easily 
satisfied.  He  looked  plump  in  the  face  as  compared  with  what 
he  had  previously  done,  and  wore  a  happy  expression  upon  his 
countenance  in  the  place  of  that  abject,  pinched-up,  miserable, 
downcast  look  which  he  once  had,  and  which  is  so  characteristic 
of  the  inveterate  form  of  diabetes.  He  had  been  gaining  flesh, 
as  is  sho-svn  by  the  following  return  of  his  weight.  Tlie  last 
weight  mentioned  is  for  March  19th,  when  it  was  9  st.  12  lbs. 
April  2nd,  he  weighed  10  st.  lib.  ;  April  16th,  10  st.  41bs. ; 
April  23rd,  10  st.  8  lbs. ;  April  30th,  10  st.  10  lbs. ;  and  when 
he  left  the  hospital.  May  31st,  10  st.  8  lbs.  He  told  me  he 
had  reached  11  st.,  but  during  the  hot  weather  of  the  last 
three  weeks  in  May,  he  lost  6  lbs.  The  following  is  a  return 
of  the  state  of  his  urine  during  the  last  four  days  he  remained 
in  the  hospital.     He  was  then  upon  meat,  beef  tea,  greens. 
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and  brandy  and  soda  Avatcr,  and  ^vitlJOut  medicine  of  any 
description.  The  return  sliows  that  the  amount  of  sugar  con- 
tinued at  about  tlie  same  as  what  had  been  noticed  under 
simihir  circumstances  before. 


Date. 

Quantity 
of  xirinc 
in  oz. 

Sp.  gr. 

Amount  of  sugar 
per  oz.  ofiuiue 
in  grs. 

Total  uuiouut  of 
sugar  ))er  dicni 
in  grs. 

May  28tli  ... 
„  29th  ... 
„  30th  ... 
„   31st  ... 

62 
54 
58 
56 

1035 
1033 
1034 
1036 

18- 
17-76 
19-44 
18- 

1116 
959 
1127 
1008 
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Quantity 
of  sugar 
in  the  urine 
per  24  hours 
in  gi'ains. 

3179 
3329 

1096 

Quantity 
of  sugar 
in  the 
iirine 
per41irs. 
in  grs. 

OCOiHOOiHOS                   OCD05C000Q  OCSOlCOvOt^ 
OSCDCOCOrHQO                     CDCDCOrHr-lO  OCOrHOlrHt- 
<^^^H'r^'!^^(^5-H                   l^(rjir50'^i<M  iMr-t'Mr-lr-lTH 

* 

Quantity 
of  sugar 

per  oz. 
01  mine 

in  grs. 

COCOt»COC5C5                  y(Cpl>.C005Tf  eoco<N-^i> 
C5MOt>l>t»                   r-lcbO03I>J>  o65cbl>Wcb 
iHCOCOrHlMiH                   (MNCOOIN                           rHr-iiH  iH 

Quantity 
of 
urine 
in  ozs. 

.-oW H«                                   »i*  «i¥i 

iOiftOi>t~t^              ».ocoQOOi.'3t»  toooeot^odi 

rH       iH  (M       IM                        rH  rH  CO  r-l  (M                      rH       rH  rH  ffl 

C303iS<lCO»                   t>CO'Mi-OCDeO  <Mi;5CO(Ml>.CO 
(MCCCO'M  MrH                       (MCtlCOCOCOrH  COCOCOlMOIrH 
OOOOOO                  OOOOOO  OOOOOO 
rHrHrHrHiHi— 1  iHrHpHrHrHi— 1                     r-i  r-{  rH  r-f  r-{  rH 

Period  of  day. 

1  to  5  a.m. 
5  to  9  a.m. 
9  to  1  p.m. 
1  to  5  iJ.m. 
5  to  9  p.m. 
9  to  1  a.m. 

1  to  5  a.m. 
5  to  9  a.m. 
9  to  1  p.m. 
1  to  5  p.m. 
5  to  9  p.m. 
9  to  1  a.m. 

1  to  5  a.m. 
5  to  9  a.m. 
9  to  1  p.m. 
1  to  5  p.m. 
5  to  9  p.m. 
9  to  1  a.m. 

Date. 

February  10th 
Februaiy  11th 

February  12th 
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CASE  11. 


George  P — ,  £et.  23,  admitted  under  my  care,  with  diabetes, 
iuto  Steplieii  Ward,  February  6th,  1861.  A  deaf  and  dumb 
person,  with  the  complaint  of  a  year's  duration.  After  ad- 
mission into  the  hospital  he  was  directed  to  preserve  all  the  urine 
he  passed, which  was  collected  every  twenty-four  hours,  measured^ 
and  analysed  :  the  following  is  a  detailed  account  of  the  state 
of  it  as  long  as  the  examination  was  made.  It  will  be 
observed,  that  during  the  first  nine  days  he  was  under  an 
ordinary  full  mixed  diet,  and  that  after  this  period  his  food  was 
changed : 


Date. 

Quantity 
of  urine. 

Sp.  gr. 
of  urine. 

sugar  per 
oz.  of  urine 
in  grs. 

Diiantitv  of 
sugar  per 
24  hours 
in  grs. 

Pints. 

Oz, 

February  lltli 

13 

55 

10S8 

44*40 

11544 

12th 

12 

10 

1 037 

45-25 

11312 

}) 

14th 

21 

55 

1039 

47-05 

19761 

15th 

20 

55 

1036 

37-50 

15000 

J> 

16th 

17 

55 

1036 

37-50 

12750 

}> 

18tb 

18 

55 

1039 

40- 

14400 

» 

19th 

18 

55 

1039- 

42-58 

15329 

» 

20th 

20 

55 

1035 

37-50 

15000 

» 

21st 

17 

10 

1038 

40- 

14000 

22ncl 

4 

16 

1036 

28-55 

2741 

55 

23rd 

5 

2 

1027 

15-35 

1566 

55 

24th 

6 

99 

1025 

10-74 

1289 

55 

25th 

5 

99 

1025 

14-40 

1440 

55 

26th 

7 

2 

1022 

10-05 

1427 

55 

27th 

5 

4 

1020 

5-31 

552 

55 

28th 

5 

4 

1020 

6-64 

691 

March 

1st ... 

4 

15 

1024 

12-63 

1199 

55 

2nd... 

5 

2 

1023 

11-79 

1202 

55 

3rd.,. 

4 

12 

1026 

13-83 

1272 

55 

4th... 

3 

11 

1030 

16-92 

1201 

55 

5th... 

5 

6 

1025 

13-08 

1386 

55 

6th... 

4 

55 

1027 

11-61 

928 

55 

7th... 

4 

2 

1025 

12- 

984 

55 

8th... 

5 

2 

1025 

13-83 

1410 

1  »5 

9th... 

3 

18 

1025 

11-52 

898 

55 

10th... 

4 

18 

1025 

12- 

1176 

55 

11th... 

4 

17 

1022 

9-84 

954 

12th... 

5 

2 

1027 

12- 

1224 

1  " 

13th... 

5 

1 

1031 

15-30 

1545 

>> 

14th... 

4 

16 

1032 

17-13 

1644 

15th... 

4 

3 

1030 

14-25 

1182 

1  " 
99 

16th.. 

4 

16 

1  1031 

15-15 

1454 

Diet  and  medicine. 


Ordinary    full  mixed 
diet.    Inf.  Gentianse  co. 
I  5j  ter  die. 


Ordinary  full  mixed 
diet.  Pot.  Acet.  Jss  per 
diem  ex  Aqufi,. 


Animal  diet,  consisting 
of  1  chop,  1  lb  of  dressed 
^meat,  and  3  pints  of  beef 
/  tea  per  diem,  with  greens. 
Sherry  3vj.    Pot.  Acet. 
Jss  per  diem  ex  Aqn&. 

!  Animal  diet  as  above, 
I  without  any  medicine. 


Animal  diet  as  above, 
^  with  Succi  Limonum  §j 
Tr.  Opii  mviij,  4tis  horis. 
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Sp.  gi-. 
of  uriue. 

Quantity  of 

Quantity  of 

Date. 

of  urine 

sugar  |)cr 
oz.  of  iii'ine 

sugar  per 
24  liours 

x^iuk  aim  uicuiUiiiCi 

111  trvt 

in  grs. 

Pints. 

Oz. 

March  17th... 

4 

16 

14  40 

1382 

» 

18th... 

4 

13 

1033 

15-63 

X  I'OO 

1     Animal  diet  as  above. 

20th... 

4 

2 

1025 

11-20 

918 

'j^with  Sodae  Potassio-tar- 
f  tratis  5s8  per  diem  ex 

>> 

21st ... 

4 

6 

1030 

12-39 

1065 

» 

22nd... 

4 

7 

1031 

13-08 

1138 

!  Aqua. 

J 

y> 

23rd... 

4 

±UOU 

943 

}> 

9/1  Hi 

Q 

3| 

1030 

10-56 

673 

-> 

Animal  diet  as  before, 

^OCQ. . . 

q 

o 

1026 

10-05 

623 

with  Sodae  Potassio-tar- 

j> 

zotn. . . 

o 
O 

13 

1029 

10-50 

766 

*  tratis  3vj  per  diem  ex 

9'7+V> 
ZilXiU.. . . 

4 

11 

1027 

8-88 

808 

Aqua,  and  Pulv.  Opii  gr.  j 

28th... 

nocte  maneque. 

» 

4 

y  4'0 

too 

yy 

29th... 

4 

"s 

lO-oo 

no^T 

937 

Animal  diet  as  before. 

yy 

30th... 

5 

8i 

lUoU 

12-84 

1390 

with  Sodse  Potassio-tar- 

yy 

31st ... 

5 

6 

T  A01 

lUdl 

12- 

1272 

'  tratis  §j  per  diem  ex  AquS,, 

April 

1st  ... 

5 

5 

lUdo 

12-39 

1301 

and  Pnlv.  Opii  gr,  j  nocte 

yy 

2nd  ... 

4 

1032 

11-79 

943 

maneque. 

yy 

3rd  ... 

5 

1028 

9-99 

999 

yy 

4th  ... 

5 

12 

lU3ii 

13-56 

1518 

yy 

5th  ... 

5 

7 

1UZ8 

1  n.  Of  V 

10-89 

1160 

yy 

6th  ... 

5 

1035 

16-35 

1635 

yy 

7th  ... 

4 

16 

iUdb 

17  55 

1do4 

yy 

8th  ... 

4 

16 

lUoo 

lo-yy 

IDOD 

yy 

9th  ... 

4 

T  AO  C 

1035 

T  Ef  .nn 

15-99 

1279 

yy 

10th  ... 

4 

1040 

on.  r'  rf 

20  55 

1644 

yy 

11th  .. 

4 

6 

103Z 

t  cT  .nn 

15-99 

1375 

Animal  diet  as  before, 
/  with  Acidi  Phosphorici  dil. 
5j  per  diem  ex  Aqu^. 

yy 

12th  ... 

4 

lOol 

1  c  .on 

15  30 

1  00  A 

1224 

jy 

13th  ... 

4 

10 

1  no  o 

1033 

13*56 

1220 

yy 

14th  ... 

4 

4 

T  no  f> 

1032 

14-40 

T  onn 

1209 

yy 

15th  ... 

4 

4 

1031 

14-52 

1219 

yy 

16th  ... 

4 

5 

1032 

14-40 

1224 

yy 

17th  ... 

5 

6 

1034 

18- 

1908 

yy 

18th  ... 

4 

12 

1031 

14-40 

1324 

yy 

19th  ... 

3 

16 

1031 

14-40 

1094 

yy 

20th  ... 

5 

14 

1034 

15- 

1710 

On  casting  the  eye  through  the  preceding  table  it  will  be 
noticed  that  at  one  time  after  admission,  before  the  diet  was 
changed,  the  patient  eliminated  with  his  urine,  which  mea- 
sured 21  pints  in  quantity,  no  less  an  amount  than  upwards 
of  19,000  grs.  of  sugar  during  the  twenty-four  hours.  7000 
grains  making  the  avoirdupois  pound,  the  amount  actually 
passed — 19,761  grs. — gives  upwards  of  2|lbs.  of  sugar  for  the 
day. 

February  21st,  the  last  day  on  which  the  mixed  diet  was 
taken,  the  quantity  of  urine  passed  was  17=  pints,  and  the 
quantity  of  sugar  14,000  grs.    or  exactly  2  lbs.    On  the 
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following  dav,  through  the  change  of  diet,  the  urme  fell  to  four 
pints,  16  o;s.,  and  the  sugar  to  2741  grs.  The  sugar 
ahvavs  afterwards  continued  considerably  below  this,  and  on 
one  day,  February  27th,  descended  to  as  low  as  552  grs.,  which 
is  but  little  more  than  an  ouuce. 

I  cannot  vouch  that  this  patient  always  strictly  adhered  to 
the  diet  prescribed  him.  Being  deaf  and  dumb,  and  his  in- 
telligence limited,  it  was  difficult  to  make  him  fully  appreciate 
the  necessity  of  a  total  abstinence  from  vegetable  food.  Al- 
though he  denied  it,  yet  I  was  told  in  the  ward  that  he 
had  upon  some  occasions  partaken  of  potatoes  or  some  bread 
with  a  meal.  However,  not  only  was  the  quantity  of  urine 
and  sugar  diminished  by  his  treatment  to  so  marked  an  extent, 
but  he  improved  in  appearance,  gained  in  strength,  and  lost 
his  insatiable  thirst  and  voracious  appetite.  When  first  ad- 
mitted he  scarcely  left  his  bedside  at  all,  but  soon  after  his 
change  of  diet,  he  grew  cheerful  and  moved  actively  and  freely 
about. 

Besides  attention  to  diet,  the  various  medicines  mentioned 
in  the  table  were  given,  to  see  if  any  direct  effect  could  be 
produced  beyond  what  was  attributable  to  the  food.  But,  as 
in  the  former  case,  I  am  not  prepared  to  say  that  I  am  enabled 
to  speak  of  any  unmistakeable  positive  influence  as  having  been 
produced.  Notwithstanding  the  large  amounts  of  the  acetate 
of  potash  and  the  Rochelle  salt  that  were  at  times  given,  the 
urine  was  never  found  otherwise  than  decidedly  acid. 
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CASE  III. 

In  the  following  case  the  sugar  underwent  a  complete  dis- 
appearance from  the  urine,  after  restriction  to  animal  food,  had 
been  for  a  short  time  observed. 

J.  B — ,  set.  57,  admitted  into  John  Ward,  under  my  care 
the  commencement  of  September,  1861.  His  complaint  set 
m,  about  Christmas  last,  and  he  at  one  period  passed  as  much 
as  six  quarts  of  urine  a  day.  He  had  formerly  suffered  rather 
severely  from  the  usual  symptoms  of  diabetes,  but  not  quite  so 
much  so  of  late.  He  has  no  affection  of  his  lungs,  and  has 
nothing  the  matter  with  him  in  any  other  respect.  He  came 
to  me  from  the  country,  and  I  placed  him  for  the  first  few 
days  upon  the  full  mixed  diet  of  the  hospital,  which  is  about 
such  as  he  had  been  recently  accustomed  to.  Having  obtained 
a  starting-point  for  comparison,  I  then  restricted  him  for  a 
while  to  animal  food  with  greens.  The  result  is  shown  in  the 
table  that  follows  : 


Date. 


Sept.  2nd. 
3rd . 
„  Sth . 
„  6tli  . 
„  7th . 
„  8th . 
„  9th . 
„    10th . 

11th . 

„  12th . 

,»  13th  . 

„  14th., 

„  15th., 

„  16th., 

„  18th.. 


„  19th.. 
„  20th.. 


Quantity 
of  urine 


85 
94 
82 
50 
66 
94 
86 


51 
63 
63 
108 
69 
60 
92 

54 
74 


Sp.  gr. 
of  urine. 


1039 
1040 
1039 
1036 
1018 
1018 
1020 
1022 

1019 
1010 
1015 
1009 
1015 
1017 
1012 

1019 
1016 


Quantity  of 
sugar  per 
oz.  of  urine 
in  gra. 


44-40 
44-40 
46-15 
28-90 
333 
413 


Quantity  of 
sugar  per 
24  Iiours 
in  grs. 


3774 
4173 
3784 
1445 
219 
388 


Trace  of  sugar  only 
Mere  trace  of  sugar 
only 

No  trace  of  sugar 
No  trace  of  sugar 
No  trace  of  sugar 
No  trace  of  sugar 
No  trace  of  sugar 
No  trace  of  sugar 
No  trace  of  sugar 


2-18 
2-66 


117 
196 


Diet  and  medicine. 


Full  mixed  diet ;  sherry 
•Syj-    Pulv.  Opii  gr.j  ter 
die. 


Animal  diet,  consisting 
of  1  chop,  1  ft  of  dressed 
meat,  and  3  pints  of  beef 
\  tea ;  with  greens  for  din- 
/  ner.  Brandy  5V.  Pulv. 
Opii  gr.j  ter  die.  Jul. 
Rhei  CO.,  Jul.  Ammonise, 
aa  gss  ter  die. 


r  Same  diet  as  above,  with 
J  the  addition  of  2  ounces 
]  of  bread.  Medicine  as 
[_  before. 
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Pate. 


Sept.  21st  . 
22ud. 
23rd  . 
2-ltli  . 
25th  . 
26th  . 
27th  , 
28th  , 


5) 


29th 
30th 


Quantity 
of  lu-ine 
in  oz. 


Oct.  1st. 


91 
100 
61 
57i 
86 
72 
88^ 
87i 

84 
72 

72 


Sp.  gr. 
of  uniie 


1017 
1023 
1020 
1022 
1014 
1013 
1017 
1014 

1014 
1015 

1017 


Quantity  of 
sugar  per 
oz.  of  urine 
in  gvs. 


Quantity  of 
sugar  per 
24  liours 
in  grs. 


2-  35 
5-71 

3-  87 
1-60 

No  trace 
No  trace 
No  trace 
No  trace 


213 
•  571 
236 
92 
of  sugar 
of  sugar 
of  sugar 
of  sugar 


No  trace  of  sugar 
No  trace  of  sugar 

No  trace  of  sugar 


Diet  and  medicine. 


The  bread  omitted.  Diet 
and  medicine  otherwise 
as  before. 


{Same  diet,  with  the 
addition  of  2  oz.  of  bran 
biscuit, 
r  Same  diet,  without  the 
I  bran  biscuit. 


In  the  table  above  there  are  two  days  omitted,  the  4th  and 
17th,  from  the  list.  This  was  caused  by  the  urine  having 
been  inadvertently  thrown  away  by  the  attendants  in  the  ward. 
The  diet  was  changed  after  the  5th ;  and,  after  a  rapid  fall  in 
the  amount  of  sugar,  it  ceased  to  be  present  at  all  on  the  11th. 
There  was  not  even  a  trace  of  reaction  discoverable  by  the 
copper  solution.  The  urine  continued  in  this  state  till  the 
18th,  and  doubtless  would  have  remained  so,  had  a  change  not 
been  made  in  the  diet.  On  the  following  two  days,  however, 
two  ounces  of  ordinary  bread  per  diem  were  given  with  the 
former  food,  to  ascertain  if  any  recognisable  effect  would  be 
produced.  A  reappearance  of  sugar  immediately  took  place, 
and  although  the  bread  was  no  longer  taken,  yet  the  sugar 
continued  increasing  in  amount  for  a  couple  of  days  more, 
before  it  began  to  show  a  descent.  A  similar  quantity  of 
bran  biscuit  afterwards  consumed  did  not  give  rise  to  any 
elimination  of  sugar  with  the  urine. 

The  patient  left  the  hospital,  with  his  urine  quite  deprived 
of  saccharine  reaction,  and  saying  that,  he  did  not  then  expe- 
rience anything  the  matter  with  him.  He  had  no  unusual 
hunger  or  thirst,  and  would  not  have  known,  by  his  bodily 
feelings,  that  he  was  labouring  under  any  complaint.  He  did 
not  himself  perceive  any  ill  effect  from  what  quantity  of  bread 
he  had  taken. 

About  six  weeks  after  his  leaving  the  hospital,  I  received  a 
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note  from  him,  from  many  miles  distant  in  the  country, 
saying,  "Agreeable  to  your  request  I  have  sent  two  da}^' 
urine,  and  am  happy  to  inform  you  I  still  continue  better/' 
Both  specimens  of  urine  had  thrown  down  a  copious  deposit  of 
lithatesj  and,  on  analysis,  one  was  found  to  contain  7-20,  the 
other  7-32,  grains  of  sugar  to  the  ounce. 
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CASE  IV. 

James  T.  T— ,  »t.  32,  affected  with  diabetes  for  sixteen 
months.   At  one  time  he  passed  eighteen  pints  of  urine  a  day. 
He  was  admitted  into  Guy^s  Hospital  in  April,  1861,  under 
the  care  of  my  colleague,  Dr.  Gull,  who  treated  him  by  restric- 
tion to  an  animal  regimen.     On  his  admission,  he  passed  eight 
pints  of  urine  a  day,  having  a  sp.  gr.  of  1045.      His  urine 
underwent  a  marked  diminution  in  quantity,  and  improvement 
in  quality.     He  gained  in  weight  to  the  extent  of  ten  pounds  be- 
tween April  and  September,  and  became  stronger,  and  felt  well 
as  regards  his  bodily  sensations.  At  first,he  suffered  from  the  pri- 
vation of  vegetable  food,  the  meat  not  being  of  sufficient  bulk 
to  satisfy  his  hunger.     Soon,  however,  his  appetite  diminished, 
and  he  became  so  accustomed  to  his  animal  food,  that  according 
to  his  account,  he  had  not  the  slightest  desire  for  a  diet  of  any 
other  kind.    Having  fallen  temporarily  under  my  care,  he  was 
afterwards,  through  the  courtesy  of   Dr.   Gull,  transferred 
altogether.    The  following  are  the  results  that  I  obtained  from 
the  examination  I  conducted  of  his  case.    The  urine  was  col- 
lected from  between  ten  o'clock  one  morning  and  ten  o'clock 
the  next. 


Date. 

Quantity 
of  ui'ine 
in  oz. 

Sp.  gr. 
of  ui-ine. 

Quantity  of 
sugar  per 
oz.  of  urine 
in  grs. 

Quantity  of 
sugar  per 
24  hours 
in  grs. 

Diet,  medicine,  aiiid 
remarks. 

Sept. 

1st  ... 

60 

1036 

17-10 

1026 

> 

nth ... 

60 

1033 

6-0 

360 

>» 
}> 

20th... 

56 

1037 

120 

672 

Cooked  meat,  1^  ft ; 

22nd... 

58 

1034 

14-11 

818 

1  mutton  chop ;  2  eggs  ; 

>> 
>> 

23rd... 

58 

1036 

15- 

870 

2  pints  of  jelly  (made 

» 

30th  ... 

56 

1035 

18-69 

1046 

without  sugar) ;  greens  j 

Oct. 

1st  ... 

62 

1033 

18-21 

1129 

brandy  5vj  ;  2  bottles  of 

2nd... 

38i 

1034 

12-84 

494 

\  soda  water.  Mist.Hsema- 

» 

3rd... 

41 

1034 

11-40 

467 

'  toxyli    CO.    §j   ter  die. 

» 

4th... 

39^ 

1027 

10-26 

405 

Pulv.  Opii  gr.  j  nocte 

n 

5th... 

39 

1031 

11-40 

444 

mane  que. 

>y 

6th... 

41 

1032 

1263 

517 

Was    suffering  fre- 

j> 

7th  ... 

42 

1033 

11-88 

498 

quently    from  relaxed 

» 

8th... 

40 

1033 

12  63 

505 

bowels. 

» 

9th... 

37i 

1036 

11-79 

442 
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Date. 


Oct.  10th 
„  11th 
„  12th, 
„  13th , 
„  14th . 
„  15th . 
16th  . 
17th  . 
„  18th . 
„  19th . 
„    20th . 

21st  . 
„  22n(l. 
„    23rd . 

„  24th . 

„  25th . 

„  26th . 

„  27th . 

„  28th., 
„  29th.. 
„  30th.. 
„  31st... 
Nov.  1st  .. 
2nd.. 


3rd.. 
4th.. 


5th.. 
6th.., 
7th.., 
8th  ... 
9th  ... 

10th... 

11th  ... 

12fch  ... 

13th... 

14th  ... 

15th... 

16th  ... 

17th  ... 

18th  ... 

19th... 

20th  ... 

21st  ... 

22nd... 

23rd  ... 

24th  ... 


>» 
>> 
>» 

» 


Quantity 
of  urine 
in  oz. 


34 

36 

48 

35i 

36 

37i 

33 

45 

46i 

42 

50 

47 
39 
38 

34 
48 
41 
40 

43 

42 

611 

75i 

63i 

82 


72 
67 


811 

58 

651 

7li 

95 

75f 

87i 

81 

64i 

66 

871 

91 

76 

60 

83 

74 

72 

92 

88 

86 


Sp.  gr. 
of  urine. 


1031 
1030 
1031 
1031 
1032 
1030 
1031 
1031 
1031 
1032 
1031 

1031 
1031 
1030 

1031 
1032 
1034 
1037 

1036 
1038 
1037 
1036 
1039 
1036 


1037 
1036 


1033 

1031 

1033 

1030 

1034 

1034 

1031 

1036 

1036 

1035 

1036 

1036 

1037 

1036 

1036 

1036 

1035 

1036 

1036 

1039 


Quantity  of  Quantity  of 
KUgnr  i)L'r    sugar  per 
oz.  of  urine    24  liours 
iu  gi  s.        iu  grs. 


9-45 

7-  50 

3-  99 
876 

8-  07 

4-  70 

3-  52 

7-  74 
8- 

10-  42 

8-  42 

8-56 
2-96 
6-48 

4-  52 

11-  16 

12-  96 
14-10 

16- 

17-14 

20-55 

20-55 

2115 

18- 


19-44 
16-74 


16-74 

15- 

15-63 

15-63 

15  63 

15-30 

15-63 

15-  63 

16-  35 
16.35 
18-93 

18-  93 

19-  98 
19-44 
19-98 
16-74 
18-45 
21-15 
15-30 
18-45 


Diet,  medicine,  and 
remarks. 


321 
270 
191 
310 
290 
176 
116 
348 
372 
479 
421 

479 
115 
246 

153 
535 
531 
564 


688 
719 
1263 
1551 
1343 
1476 


1399 
1121 


1364 
870 
1023 
1117 
1484 
1155 
1367 
1266 
1054 
1079 
1656 
1722 
1518 
1166 
1658 
1238 
1328 
1945 
1346 
1586 


Cooked  meat,  1^  ft  J 

1  mutton  chop;  2  eggs; 

2  pints  of  jelly  (made 
without  sugar);  greens; 

)  brandy  ^vj ;  2  bottles  of 
'  soda  water.  Mist.  Hsema- 
toxyli   CO.   5j    ter  die. 
Pulv.  Opii   gr.  j  nocte 
maneque. 

^    Same  diet.    Mist.  Hse- 
matoxyli  co.  *j  ter  die. 
Pulv.  Cretse  co.  c.  Opiol 
5ss  ter  die.  Diarrhceaj 
[had  set  in. 

f    Same  diet.  Plumbi) 
Acet.  gr.  j,    Pulv.  Opii 
gr.  j,  in  forma  pilulae  ter 
die.    Was  suffering  from| 
(^severe  diarrhoea. 

Two  pairs  of  small! 
soles;  cooked  meat,  1  tb; 
2  pints  of  jelly  (without 
j  sugar)  ;  port  wine,  gviij  ;j 
Dec.  Krameriae  co. 
6tis  horis.  Pulv.  Opii| 
gr.  j  nocte  maneque. 
,  Diarrhoea  abating. 

Same  diet.  Acidi  Hy- 
drocyan.  dil.  Tl\_iij,  Tr. 
Calumbse  5j,  ex  Mist.l 
^  Effervesc.  ^  6tis  horis. 
This  prescription  was! 
ordered  for  sickness. 


Same  diet,  with  Bran- 
dy |vj  and  2  bottles  of 
soda  water  instead  of  the 
wine.  Tr.  Opii  irjx  ex 
Jul.  Ammonia9  Jj  4tis 
horis. 


Same  diet,  with  the 
addition  of  greens;  and, 
bacon  to  be  substituted 
three  times  a  week  for[ 
f  the  meat.  Potassae  Ci- 
tratis  9j,  Tr.  Opii  in.x,| 
Mist.  Camph.  ^j,  4<tis| 
horis. 
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Date. 


Nov.  25th ... 
26th  ... 
27th  ... 
28th  ... 
29th... 
30th... 
1st  ... 
2nd... 
3rd  ... 
4th  ... 
5th  ... 
6th  ... 
7th  ... 
8th  ... 
9th... 
10th ... 
11th  ... 
12th... 
13th... 
14th  ... 
15th  ... 
16th... 
17th... 
18th... 
19th... 
20th... 


ft 
1} 
>» 
»> 

Dec, 
»> 
>> 
» 
>t 
»» 
>» 
II 
>i 
>» 
11 

n 
l> 
»» 
II 
>> 
II 
II 
II 


Quantity 
of  urine 
in  oz. 


72 

86 

82 

79 

72 

71 

76i 

87 

58^ 

81i 

96^ 

74i 

66 

76i 

63 

87* 

99i 

99i 

47i 

46 

96 

78 

61i 

78i 

63i 

68 


Sp.  ^. 
of  unne. 

Oiinntitv  of 
sugar  per 
oz.  of  urine 
in  gra. 

Quantity  of 
sugar  per 
24  hours 
iu  grs. 

1036 

17-13 

1233 

1035 

17  13 

1473 

1034 

18- 

1476 

1036 

18-45 

1457 

1037 

19-44 

1399 

1034 

15- 

1065 

1036 

18-93 

1448 

1035 

18-45 

1605 

1037 

15-30 

895 

1035 

15-30 

1246 

1034 

17-55 

1693 

1036 

17-55 

1307 

1037 

19-44 

1283 

1036 

1713 

1310 

1037 

16-35 

1030 

1033 

16-35 

1430 

1033 

16-74 

1665 

1031 

18-93 

1883 

1036 

15- 

712 

1033 

11-79 

542 

1032 

15- 

1440 

1036 

1674 

1305 

1037 

1563 

961 

1034 

15-30 

1201 

1035 

15-99 

1015 

1035 

17-13 

1164 

Diet,  meflicine,  and 
remarks. 


Same  diet.  Mist.  Hsb- 
matoxyli  co.  5j  ^^is  horis. 
Pulv.  Opii  gr.  j  nocte 
maneque. 


The  disease  in  this  patient  had  thus  at  one  time,  taken  so 
favorable  a  turn,  that  the  sugar  eliminated  only  amounted  to 
116  grains  one  day  and  115  grains  a  few  days  later.  He  was 
for  a  long  time  presenting  the  appearance  of  robust  health ; 
and,  feeling  so  strong  and  well  as  he  did,  he  was  sanguine 
of  making  a  complete  recovery.  He  had,  for  as  many  as  nine 
or  ten  years  back,  been  subject  about  three  times  a  year  to 
violent  attacks  of  diarrhoea,  which  so  prostrated  him  at  the 
time,  that  he  could  scarcely  walk  up  stairs.  Since  he  had 
been  affected  with  his  complaint,  and  whilst  on  a  mixed  diet, 
before  admission  into  the  hospital,  he  suffered  from  an  attack 
of  diarrhoea  which  lasted  four  or  five  weeks  and  made  him  so 
weak  that  he  was  hardlv  able  to  leave  his  bed.  The  attack  of 
purging,  and  afterwards  sickness,  that  occurred  during  the 
latter  part  of  October  and  the  commencement  of  November, 
reduced  him  considerably  in  strength,  and  increased  the  eli- 
mination of  sugar.    Although  the  sugar  afterwards  kept  up 
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yet  he  improved  ia  health,  and  left  the  hospital  a  few  days 
before  Christmas,  feeliug  sufficiently  strong  and  well,  as  he 
thought,  to  return  to  his  old  employment. 

A  fortmght  onlj.  had  elapsed,  when  he  again  presented 
himself  at  the  hospital  and  sought  admission  under  my  care. 
He  had  been  seized  with  an  attack  of  acute  lichen,  and  his 
appearance  had  become  remarkably  changed.  He  had  been 
obliged  to  keep  his  bed,  and  was  so  feeble  that  he  could  hardly 
stand.  He  has  ever  since  been  under  my  care.  His  skin 
affection  has  disappeared,  but  he  has  never  regained  flesh  as 
before.  His  condition  fluctuates,  but  there  is  a  feebleness  of 
muscular  power  which  is  exceedingly  striking.  He  has  kept, 
with  only  slight  deviations,  to  an  animal  regimen,  preferring 
It  to  any  other;  and  the  state  of  the  urine  has  continued 
about  as  it  was,  during  the  latter  period  of  his  stay,  when  he 
was  in  the  hospital  before. 


3.  E.  AO  LARD,  PRINTER,  BARTHOLOMEW  CLO»fe. 
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ELEMENTS  OF  NATURAL  PHILOSOPHY;  being  an  Experimental 
Introduction  to  the  Study  of  the  Phj^sical  Sciences.  Illustrated  with  numerous  Engrav- 
ings on  Wood.  Fifth  Edition.  By  Golding  Bird,  M.D.,  F.R.S.,  and  Charles 
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ASYLUMS  AND  HOSPITALS  FOR  THE  INSANE.  With  Plans.  PostSvo. 
cloth,  6s. 

MR.  OOOLEY. 

COJIPREHENSIVE  SUPPLEMENT  TO  THE  PHARMACOPGEIAS. 

THE  CYCLOPiEDIA  OF  PRACTICAL  RECEIPTS,  AND  COL- 

LATERAL  INFORMATION  IN  THE  ARTS,  PROFESSIONS,  MANU- 
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DOMESTIC  ECONOMY ;  designed  as  a  Compendious  Book  of  Reference  for  the 
Manufacturer,  Tradesman,  Amateur,  and  Heads  of  Families.  Third  and  greatly 
enlarged  Edition,  8vo.  cloth,  26s. 

SIR   ASTLEY   COOPER,    BART.,  F.R.S. 
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MR.   W.    WHITE  COOPER. 
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A  REPORT  ON  SOME  IMPORTANT   POINTS  IN  THE 

TREATMENT  OF  SYPHILIS.    8vo.  cloth,  5s. 
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PHTHISIS  AND  THE  STETHOSCOPE;  OR,  THE  PHYSICAL 

SIGNS  OF  CONSUMPTION.    Second  Edition.    Foolscap  8vo.  cloth^  3s. 
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ON   THE  INFLUENCE  OF  YARIATIONS  OF  ELECTRIC 

TENSION   AS   THE   REMOTE    CAUSE    OF    EPIDEMIC   AND  OTHER 
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and  Diseases.    8vo.  cloth,  9s.  h. 
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by  Erasmqs  Wilson,  F.R.S.    Foolscap  8vo.,  2i-.  6d. 


X  MR.   W.   CURTIS    HUGMAN,  F.R.C.S. 
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DR.  HANDFIELD  JONES,  F.R.S.,  80   DR.   EDWARD   H.  SIEVEKINQ. 

A  MANUAL  OF  PATHOLOGICAL  ANATOMY,  illustrated  with 

numerous  Engravings  on  Wood.    Foolscap  8vo.  cloth,  12s.  6d. 


MR.  WHARTON   JONES,  F.R.S. 

A  MANUAL  OE  THE  PRINCIPLES  AND  PRACTICE  OF 

OPHTHALMIC  MEDICINE  AND  SURGERY ;  illustrated  with  Engravings,  plain 
and  coloured.    Second  Edition.    Foolscap  8vo.  cloth,  12s.  6d. 
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Synonymes,  and  Phrases  (in  English,  Latin,  Greek,  French,  and  German,)  employed  in 
Science  and  connected  with  Medicine.  Complete  in  10  Parts,  price  5s.  each.  The  entire 
work,  cloth,  £2.  10s. 

DR.  MILLINGEN. 

ON  THE  TREATMENT  AND  MANAGEMENT  OF  THE  IN- 

SANE;  with  Considerations  on  Public  and  Private  Lunatic  Asylums.  18mo.  cloth, 
4s.  6d, 

MR.   JOHN    L.    MILTON,  M.R.O.S. 

PRACTICAL   OBSEEYATIONS    ON    A   NEW   WAY  OF 

TREATING  GONORRHOEA.  With  some  Remarks  on  the  Cure  of  Inveterate  Cases. 
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for  the  Registration  of  important  Cases  in  Private  Practice,  and  to  assist  the  Student  of 
Hospital  Practice.    Second  Edition.    3s.  6d. 


DR.  THOMAS    B.  PEACOCK,  M.D. 
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THE  USE  OE  THE  BLOWPIPE  IN  THE  EXAMINATION  OE 
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by  numerous  Engravings  on  Wood.    Third  Edition.    8vo.  cloth,  10s.  6d. 


DR.  HENRY   PRATT,  M.D.,  M.R.C.P. 

THE  GENEALOGY  OF  CREATION,  newly  Translated  from  the 
Unpointed  Hebrew  Text  of  the  Book  of  Genesis,  showing  the  General  Scientific  Accuracy 
of  the  Cosmogony  of  Moses  and  the  Philosophy  of  Creation.    8vo.  cloth,  14s. 


THE  PRESCRIBEE'S  PHAEMACOPGEIA;  containing  all  the  Medi- 

cines  in  the  London  Pharmacopoeia,  arranged  in  Classes  according  to  their  Action,  with 
their  Composition  and  Doses.  By  a  Practising  Physician.  Fourth  Edition.  32mo. 
cloth,  2s.  6d.;  roan  tuck  (for  the  pocket),  .3s.  6d. 


DR.  JOHN    ROWLISON  PRETTY. 

AIDS  DURING  LABOUR,  including  the  Administration  of  Chloroform, 

the  Management  of  Placenta  and  Post-partura  Haemorrhage.    Fcap.  8vo.  cloth,  4s.  6d. 


MR.   LAKE  PRICE. 

PHOTOGRAPHIC  MANIPULATION :  Treating  of  the  Practice  of 
the  Art,  and  its  various  appliances  to  Nature.  With  Fifty  Engravings  on  Wood.  Post 
8vo.  cloth,  6s.  6d. 


DR.  PRIESTLEY. 

LECTURES  ON  THE  DEYELOPMENT  OF  THE  GRAVID 

UTERUS.    8vo.  cloth,  5s.  6d. 
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SPPOmiOUS  WSEASES  OF  THE  EXTERNAL  LYMPHATIC 

^•^SdS   .hdr  Na.u«S        T,«»en.;  with  Remarks  on  the  Management 
&SuB  ulcelon.;Sc™^  Li  Cieatrice..    Po.t  8vo.  cloth,  3..  6A 
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ON  FPTTEPTIC  AND*  OTHER  SuL^^^  AFFECTIONS 

OF  THE  SvOUS  SYSTEM.   Third  Edition.   Port  8vo.  cloth,  7».  e,(. 


MR.RAINEY. 

ON  THE  MODE  OE  EOEMATION  OF  SHELLS  OF  ANIMALS, 

OF  BONE  AND  OF  SEVERAL  OTHER  STRUCTURES  by  a  Process  of 
mLcuL  Coalf^^^^^  -  certain  Artificially-fonned  Products.    Fcp.  8vo. 

cloth,  4s.  6(i. 

DR.   F.   H.  RAMSBOTHAM. 

PT^TNCIPLES  AND  PRACTICE  OF  OBSTETRIC  MEDI- 

™CINeS  SURGERY^  Z^^^^    with  One  Hundred  and  Twenty  Plates  on  Steel 
and  Wotd^foS  one  thick  han^^^^^  Fourth  Edition.    8vo.  cloth,  22s. 

DR.  RAMSBOTHAM. 

PRACTICAL  OBSERYATIONS  ON  MIDWIFERY,  with  a  Selection 

of  Cases.    Second  Edition.    8vo.  clott,  I2s. 

DR.   DU    BOIS  REYMOND. 

ANIMAL  ELECTRICITY  ;    Edited  by  H.  Bence  Jones,  M.D.,  F.R.S. 

With  Fifty  Engravings  on  Wood.    Foolscap  8vo.  cloth,  6s. 


DR.   REYNOLDS,    M.D.,  LOND. 


EPILEPSY:  ITS  SYMPTOMS,  TREATMENT,  AND  RELATION 

TO  OTHER  CHRONIC  CONVULSIVE  DISEASES.    8vo.  cloth,  10s. 

THE  DIAGNOSIS  OF  DISEASES  OF  THE  BRAIN,  SPINAL 

CORD,  AND  THEIR  APPENDAGES.    8vo.  cloth,  8s. 

DR.  B.  W.  RICHARDSON. 

ON  THE  CAUSE  OF  THE  COAGULATION  OF  THE  BLOOD. 

Being  the  Astley  Cooper  Prize  Essay  for  1856.     With  a  Practical  Appendix. 
8vo.  cloth,  16s. 

I  THE  HYGIENIC  TREATMENT  OF  PULMONARY  CONSUMP-  t 

'  TION.    8vo.  cloth,  5s.  6ci.  ! 

III. 

THE  ASCLEPIAD.    Vol.  I.,  CUnical  Essays.    8vo.  cloth,  6*.  Qd. 
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X  MR.::rWILLIAM  ROBERTS 

AN  ESSAY  ON  WASTING  PALSY;  being  a  Systematic  Treatise  on 

DR.   W.    H.  ROBERTSON. 

THE  NATUEE  AND  TEEATMENT  OE  GOUT. 

8vo.  cloth,  10s.  6d. 

A  TEEATISE  ON  DIET  AND  EEGIMEN. 

Fourth  Edition.   2  vols,  post  8vo,  cloth,  12s. 
DR.  ROUTH. 

INFANT  FEEDING,  AND  ITS  INFLUENCES  ON  LIFE' 

Or,  the  Causes  and  Prevention  of  Infant  Mortality.    Fcap.  8vo.  cloth,  5s. 

DR.  ROWE. 

NERVOUS    DISEASES,    LIVEE   AND    STOMACH  COM- 

PLAINTS,  LOW  SPIRITS,  INDIGESTION,  GOUT,  ASTHMA  AND  DIS 


DR.  ROYLE,  F.R.S.,   AND    DR.   HEADLAND,  MD 

A  MANUAL  OF  MATEEIA  MEDICA  AND  THEEAPEUTICS 

With  numerous  Engravings  on  Wood.    Third  Edition.    Fcap.  8vo.  cloth,  12s.  6d. 

MR.    RUMSEY,  F.R.C.S. 

ESSAYS  ON  STATE  MEDICINE.  8vo.  cloth,  lo..  6./. 

DR.   SALTER,  F.R.S. 

ON  ASTHMA:  its  Pathology,  Causes,  Consequences,  and  Treatment 
8vo.  cloth,  10s. 

MR.  SAVORY. 

A  COMPENDIUM  OE  DOMESTIC  MEDICINE,  AND  COMPA- 
NION TO  THE  MEDICINE  CHEST;  comprising  Plain  Directions  for  the  EmpW- 
ment  of  Medicines,  with  their  Properties  and  Doses,  and  Brief  Descriptions  of  the 
Symptoms  and  Treatment  of  Diseases,  and  of  the  Disorders  incidental  to  Infants  and 
Children,  with  a  Selection  of  the  most  efficacious  Prescriptions.  Intended  as  a  Source 
of  Easy  Reference  for  Clergymen,  and  for  Families  residing  at  a  Distance  from  Profes- 
sional Assistance.    Fifth  Edition.    l2mo.  cloth,  5s. 

DR.  SCHACHT. 

THE  MICEOSCOPE,  AND  ITS  APPLICATION  TO  YEGETABLE 

ANATOMY  AND  PHYSIOLOGY.  Edited  by  Frederick  Currey,  M.A.  Fcap. 
8vo.  cloth,  6s. 

DR.  SCORESBY-JAOKSON,  M.D.,  F.R.S.E. 

MEDICAL  CLIMATOLOGY  ;  or,  a  Topographical  and  Meteorological 
Description  of  the  Localities  resorted  to  in  Winter  and  Summer  by  Invalids  of  various 
classes  both  at  Home  and  Abroad.    With  an  Isothermal  Chart.    Post  8vo.  cloth,  12s. 
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DR.  SEMPLE. 

ON  COUGH  :  its  Causes,  Varieties,  and  Treatment.    With  some  practical 
Remarks  on  the  Use  of  the  Stethoscope  as  an  aid  to  Diagnosis.    Post  8vo.  cloth,  4s.  6d. 


DR.  SEYMOUR. 

ILLUSTRATIONS  OF  SOME '  oF  THE  PEINCIPAL  DIS- 

EASES  OF  THE  OVARIA:  their  Symptoms  and  Treatment;  to  which  are  prefixed 
Observations  on  the  Structure  and  Functions  of  those  parts  in  the  Human  Being  and  in 
Animals.    With  14  folio  plates,  12s. 

THE  NATURE  AND  TREATMENT  OF  DROPSY;  considered 

especially  in  reference  to  the  Diseases  of  the  Internal  Organs  of  the  Body,  which  most 
commonly  produce  it.    8vo.  5s. 

MR.   SHAW,  M.R.C.S. 

THE  MEDICAL  REMEMBRANCER ;  OE,  BOOK  OF  EMER- 

GENCIES  :  in  which  are  concisely  pointed  out  the  Immediate  Remedies  to  be  adopted 
in  the  First  Moments  of  Danger  from  Poisoning,  Apoplexy,  Burns,  and  other 
Accidents;  with  the  Tests  for  the  Principal  Poisons,  and  other  useful  Information. 
Fourth  Edition.  Edited,  with  Additions,  by  Jonathan  Hutchinson,  M.R.C.S.  .32mo. 
cloth,  2s.  6d. 
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DR.   SIBSON,  F.R.S. 

MEDICAL  ANATOMY,    with  coloured  Plates.    Imperial  folio.  Fasci- 
culi  I.  to  VI.   5s.  each. 


DR.   E.    H.  SIEVEKING. 

ON  EPILEPSY  AND  EPILEPTIFORM   SEIZURES:  their 

Causes,  Pathology,  and  Treatment.    Second  Edition.    Post  8vo.  cloth,  10s.  6d. 


MR.     SINCLAIR    AND    DR.  JOHNSTON. 

PRACTICAL  MIDWIFERY  :  Comprising  an  Account  of  13,748  Deli- 
veries, which  occurred  in  the  Dublin  Lying-in  Hospital,  during  a  period  of  Seven  Years. 
8vo.  cloth,  15s. 

MR.   ALFRED    SMEE,  F.R.S. 

GENERAL  DEBILITY  AND  DEFECTIYE  NUTRITION ;  their 

Causes,  Consequences,  and  Treatment.    Fcap.  8vo.  cloth,  3s.  6d. 

DR.  SMELLIE. 

OBSTETRIC  PLATES :  bemg  a  Selection  from  the  more  Important  and 
Practical  Illustrations  contained  in  the  Original  Work.  With  Anatomical  and  Practical 
Durections.    8vo.  cloth,  5s. 

MR.  HENRY  SMITH,  F.R.G.S. 

ON  STRICTURE  OF  THE  URETHRA.  8vo.  cloth,  7..  ed. 
H^IMORRHOIDS  AND  PROLAPSUS  OF  THE  RECTUM- 

Their  Treatment  by  the  Application  of  Nitric  Acid.  Second  Edition.  Fcap.  8vo.  cloth,  3s'. 
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DR.  W.  TYLER  SMITH. 

A  MANUAL  OF  OBSTETRICS,'  THEORETICAL  AND  PEAC- 

TICAL.    Illustrated  with  186  Engravings.    Fcap.  8vo.  cloth,  12s.  M. 

THE  PATHOLOGY  AND  TREATMENT  OF  LEUCORRH(EA. 

With  Engravings  on  Wood.    8vo.  cloth,  7s. 


DR.  SNOW. 

ON  CHLOROFORM  AND  OTHER  ANiSSTHETICS :  their 

ACTION  AND  ADMINISTRATION.  Edited,  with  a  Memoir  of  the  Author,  by 
Benjamin  W.  Richardson,  M.D.    8vo.  cloth,  10s.  M. 


DR.   STANHOPE   TEMPLEMAN  SPEER. 

PATHOLOGICAL  CHEMISTRY,  IN  ITS  APPLICATION  TO 

THE  PRACTICE  OF  MEDICINE.  Translated  from  the  French  of  MM.  Bkoquerel 
and  RoDiER.    8vo.  cloth,  reduced  to  8s. 


dr.  steggall. 

students'  books  for  examination. 
I. 

A  MEDICAL  MANUAL  FOR  APOTHECAEILS'  HALL  AND  OTHEE  MEDICAL 

^  BOARDS.    Twelfth  Edition.  12mo.  cloth,  10s. 

II. 

A  MANUAL  FOR  THE  COLLEGE  OF  SURGEONS;  intended  for  the  Use 

of  Candidates  for  Examination  and  Practitioners.    Second  Edition.    12mo.  cloth,  10s. 

III. 

GREGORY'S  CONSPECTUS  MEDICINiE  THEORETICiE.   The  First  Part,  con- 

taining  the  Original  Text,  with  an  Ordo  Verhorum,  and  Literal  Translation.  12mo. 
cloth,  10s. 

IV. 

THE  FIRST  FOUR  BOOKS  OF  CELSUS;  containing  the  Text,  Ordo  Verb- 
orum,  and  Translation.    Second  Edition.    12mo.  cloth,  8s. 


FIRST  LINES  FOR  CHEMISTS  AND  DRUGGISTS  PREPARD^G  FOR  Ex- 
amination AT  THE  PHARMACEUTICAL  SOCIETY.  Second  Edition. 
18mo.  cloth,  3s.  6t/. 


MR.   STOWE,  M.R.C.S. 


(>    A  TOXICOLOGIC AL  CHART,  exhibiting  at  one  view  the  Symptoms,  S 

Treatment,  and  Mode  of  Detecting  the  various  Poisons,  Mineral,  Vegetable,  and  Animal.  ' 

To  which  are  added,  concise  Directions  for  the  Treatment  of  Suspended  Animation.  Sf 

Eleventh  Edition.    On  Sheet,  2s. ;  mounted  on  Roller,  5s.  ^ 
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DR.  SWAYNE. 

OBSTETEIC  APHOEISMS  FOR  THE  USE  OF  STUDENTS 

COMMENCING  MIDWIFERY  PRACTICE.  With  Engravings  on  Wood.  Second 
Edition.    Fcap.  8vo.  cloth,  3s.  6d. 

MR.  TAMPLIN,  F.R.CS.E. 

LATERAL  CURYATURE  OF  THE  SPINE :  its  Causes,  Nature,  and 

Treatment.    8vo.  cloth,  4s. 


DR.   ALEXANDER   TAYLOR,  F.R.S.E. 

THE  CLIMATE  OF  PAU;  with  a  Description  of 'the  Watering  Places 
of  the  Pyrenees,  and  of  the  Virtues  of  their  respective  Mineral  Sources  in  Disease.  Third 
Edition.    Post  8vo.  cloth,  7s. 

DR.  ALFRED   S.   TAYLOR,  F.R.S. 
I. 

A  MANUAL  OF  MEDICAL  JURISPRUDENCE.  Seventh  Edition. 

Fcap.  8vo.  cloth,  I2s.  6d. 

II. 

ON  POISONS,  in  relation  to  MEDICAL  JURISPKUDENCE  AND 
MEDICINE.    Second  Edition.    Fcap.  8vo.  cloth,  12s.  6d. 


MR.  TEALE. 


I  ON  AMPUTATION  BY  A  LONG  AND  A  SHORT  REOTAN- 

^  GULAR  FLAP.    With  Engravings  on  Wood.    8vo.  cloth,  5s. 


DR.  THEOPHILUS  THOMPSON,  F.R.S. 

CLINICAL  LECTURES  ON  PULMONARY  CONSUMPTION. 

With  Plates.    8vo.  cloth,  7s.  6d. 

LETTSOMIAN  LECTURES  ON  PULMONARY  CONSUMPTION ; 

with  Remarks  on  Microscopical  Indications,  and  on  Cocoa-nut  Oil.   Post  8vo.,  2s.  6d. 


DR.  THOMAS. 

THE  MODERN  PRACTICE  OF  PHYSIC ;  exhibiting  the  Symp- 

toms,  Causes,  Morbid  Appearances,  and  Treatment  of  the  Diseases  of  all  Climates. 
Eleventh  Edition.    Revised  by  Algernon  Frampton,  M.D.    2  vols.  8vo.  cloth,  28s. 


MR.   HENRY  THOMPSON,  F.R.C.S. 
•  I. 

STRICTURE  OF  THE  URETHRA;  its  Pathology  and  Treatment. 

The  Jacksonian  Prize  Essay  for  1852.   With  Plates.    Second  Edition.   8 vo.  cloth,  10s. 

?    THE  DISEASES  OF  THE  PROSTATE;  their  Pathology  and  Treat-  f 

mcnt.  Comprising  a  Dissertation  "  On  the  Healthy  and  Morbid  Anatomy  of  the  Prostate 
Gland;"  being  the  Jacksonian  Prize  Essay  for  1860.  With  Plates.  Second  Edition. 
8vo.  cloth,  10s. 
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DR.  TILT. 


ON  UTERINE  AND  OYAEIAN  INFLAMMATION,  AND  ON 

™clo''tM2'°^^^'^  DISEASES  OF  MENSTRUATION.'  Twfd  Edition. 

THE  CHANGE  OF  LIFE  In"" HEALTH  AND  DISEASE-  a 

Practical  Treatise  on  the  Nervous  and  other  Affections  incidental  to  Women  at  the  Dec'line 
oi  Life.    Second  Edition.    8vo.  cloth,  6s.  -^ewine 


DR.  THUDICHUM. 


A  TREATISE  ON  THE  PATHOLOGY  OF  THE  URINE 

Including  a  complete  Guide  to  its  Analysis.    With  Plates,  8vo.  cloth,  14s.  * 

OUJNbUMPiiUJN  ;  its  True  Nature  and  Successful  Treatment.  Crown 
8vo.  cloth,  10s. 
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DR.  ROBERT  B.  TODD,  F.R.S. 
I. 


MR.   TOMES,  F.R.S. 

A  MANUAL  OF  DENTAL  SURGERY,    with  2O8  Engravings  on 
Wood.    Fcap.  8vo.  cloth,  12s.  6d. 

MR.  JOSEPH  TOYNBEE,  F.R.S.,  F.R.C.S. 

THE  DISEASES  OF  THE  EAR:  THEIR  NATURE,  DIAG- 

NOSIS,  AND  TREATMENT.  Illustrated  with  numerous  Engravings  on  Wood. 
8vo.  cloth,  ISs. 


DR.  TURNBULL. 

AN  INQUIRY  INTO  THE  CURABILITY  OF  CONSUMPTION, 

ITS  PREVENTION,  AND  THE  PROGRESS  OF  IMPROVEMENT  IN  THE 
TREATMENT.    Third  Edition.    8vo.  cloth,  6s. 

A  PRACTICAL  TREATISE  ON  DISORDERS  OF  THE  STOMACH 

with  FERMENTATION;  and  on  the  Causes  and  Treatment  of  Indigestion,  &c.  8vo. 
cloth,  6s. 


YESTIGES  OF  THE  NATURAL  HISTORY  OF  CREATION. 

Eleventh  Edition.    Illustrated  with  106  Engravings  on  Wood.    8vo.  cloth,  7s.  6d. 

BY  THE  SAME  AUTHOR. 

EXPLANATIONS:  A  SEQUEL  TO  "YESTIGES." 

Second  Edition.    Post  8vo.  cloth,  5s. 
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CLINICAL  LECTURES  ON  THE  PRACTICE  OF  MEDICINE.  ? 

New  Edition,  m  one  Volume,  Edited  by  Dr.  Beale,  8vo.  cloth,  18s. 

CERTAIN  DISEASES  OF  THE  URINARY  ORGANS,  AND 

ON  DROPSIES.    Fcap.  8vo.  cloth,  6s. 
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t  DR.   UNDERWOOD.  © 

*  TREATISE  ON  THE  DISEASES  OF  CHILDREN.  Tenth  Edition, 

th  Additions  and  Corrections  by  Henry  Da  vies,  M.D.    8vo.  cloth,  15s. 
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BOTANICAL  LETTERS.    ^TranskteT'by  Dr.  B.  Paul.  Numerous 
Woodcuts.    Post  8vo.,  2s.  6d.   

MR.  WADE,  F.R.C.S. 

STRICTURE  OF  THE  URETHRA,  ITS  COMPLICATIONS 

AND  EFFECTS;  a  Practical  Treatise  on  the  Nature  and  Treatment  of  those 
Affections.    Fourth  Edition.    8vo.  cloth,  7s.  Qd. 


DR.  WALLER. 

ELEMENTS  OF  PRACTICAL  MIDWIFERY;  or,  Companion  to 

the  Lying-in  Room.    Fourth  Edition,  with  Plates.    Fcap.  cloth,  4s.  6d. 

MR.  HAYNES    WALTON,  F.R.C.S. 

SURGICAL  DISEASES  OF  THE  EYE.    With  Engiavings  on 

Wood.    Second  Edition.    8vo.  cloth,  14s. 


DR.  WATERS,  M.R.C.P. 

THE  ANATOMY  OF  THE  HUMAN  LUNG.  The  Prize  Essay 
to  which  the  Fothergillian  Gold  Medal  was  awarded  by  the  Medical  Society  of  London. 
Post  8vo.  cloth,  6s.  6flf. 


DR.   EBEN.   WATSON,  A.M. 

ON  THE  TOPICAL  MEDICATION  OF  THE  LAEYNX  IN 

CERTAIN  DISEASES  OF  THE  RESPIRATORY  AND  VOCAL  ORGANS.  ^ 
8vo,  cloth,  5s. 


DR.   ALLAN    WEBB,  F.R.C.S.L. 

THE  SURGEON'S  READY  RULES  FOR  OPERATIONS  IN 

SURGERY.    Royal  8vo.  cloth,  10s.  6d. 


DR.  WEBER. 

A  CLINICAL  HAND-BOOK  OF  AUSCULTATION  AND  PER- 

CUSSION.   Translated  by  John  Cockle,  M.D.  5s. 


MR.  SOELBERG  WELLS,  M.D.,  M.R.C.S. 

ON  LONG,  SHORT,  AND  WEAK   SIGHT,  and  their  Treatment  by 
the  Scientific  Use  of  Spectacles.    With  Engravings  on  Wood  and  Stone.   8vo.  cloth,  5s 
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MR.   T.   SPENCER   WELLS,  F.R.C.S. 

PRACTICAL  OBSERYATIONS  ON  GOUT  AND  ITS  COMPLI- 

CATIONS,  and  on  the  Treatment  of  Joints  Stiffened  by  Gouty  Deposits.  Foolscap  8vo. 
cloth,  5s. 

f  SCALE  OF  MEDICINES  WITH  WHICH  MERCHANT  YES-  ? 

SELS  ARE  TO  BE  FURNISHED,  by  command  of  the  Privy  Council  for  Trade;  * 
With  Observations  on  the  Means  of  Preserving  the  Health  of  Seamen,  &c.  &c. 
Seventh  Thousand.    Fcap.  8vo.  cloth,  3s.  M. 
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DR.  WEST. 

LECTUEES  ON  THE  DISEASES  OF  WOMEN,  Second  Edition. 
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8vo.  cloth,  1 6s. 


MR.  WHEELER. 

HAND-BOOK  OF  ANATOMY  FOE  STUDENTS  OF  THE 

FINE  ARTS.    With  Engravings  on  Wood.    Fcap.  8vo.,  2s.  6d. 


DR.   WHITEHEAD,  F.R.C.S. 

ON  THE  TRANSMISSION  FROM  PARENT  TO  OFFSPRING 

OF  SOME  FORMS  OF  DISEASE,  AND  OF  MORBID  TAINTS  AND 
TENDENCIES.    Second  Edition.    8vo.  cloth,  ]  Os.  6rf. 


DR.  WILDE,  M.D.,  F.R.C.S. 

ON  THE  MALFORMATIONS  AND  CONGENITAL  DISEASES 

OF  THE  ORGANS  OF  SIGHT,    With  Engravings.    8vo.  cloth,  7s.  6d. 
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DR.  WILLIAMS,  F.R.S. 

PRINCIPLES   OF   MEDICINE:  An  Elementary  View  of  the  Causes, 

Nature,  Treatment,  Diagnosis,  and  Prognosis,  of  Disease.  With  brief  Remarks  on 
Hygienics,  or  the  Preservation  of  Health,    The  Third  Edition.    8vo,  cloth,  15s. 

THE  WIFE'S  DOMAIN :  the  Young  Couple — the  Mother — the  Nurse 

0         — the  Nursling,    Post  8vo.  cloth,  3s,  6d. 


DR.   JOSEPH  WILLIAMS. 

INSANITY :   its  Causes,  Prevention,  and  Cure ;  including  Apoplexy, 

Epilepsy,  and  Congestion  of  the  Brain.    Second  Edition.    Post  8vo.  cloth,  10s.  6d. 


DR.   J.   HUME  WILLIAMS. 

UNSOUNDNESS  OF  MIND,  IN  ITS  MEDICAL  AND  LEGAL 

CONSIDERATIONS.    8vo.  cloth,  7s.  6d. 


DR.  WILLIAMSON,    LATE  STAFF-SURGEON. 

NOTES  ON  THE  WOUNDED  FROM  THE  MUTINY  IN 

INDIA :  vfith.  a  Description  of  the  Preparations  of  Gunshot  Injuries  contained  in  the 
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